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FOREWORD 



Man and his environment must be protected from the adverse effects of 
pesticides, radiation, noise and other forms of pollution, and the unwise 
management of solid waste. Efforts to prptect the environment reauire a 
focus that recognizes the interplay bq^fween the components of ouryphysical 
environm^t - air, water, and land, the National Environmental Research 
tenters provide this multidisciplinary focus through programs engaged in 

• studies on the effects of envirtSflmental contaminants on man and tlie 
BTosphere, and" ' / 

•^a search for wa^ys to prevent contan][ination and to recycle valuable 
resources. ^ ' * 

This manual was developed within the National Environmental Research 
Center - Cincinnati to provide pollution biologists with the most ,rec^t 
'methods for measuring the effects of environmental contaminants on fresh;;^' 
water and marine organisms in field and lai?oratory studies which are carried 
out to. establish water quality c^eria for the recognized beneficial uses of 
water and to^monitor surface^ater quahty. 



Andrew W. Breidenbach, Ph.D. 
Director 

National Environmental 
Research Center, Cincinnati, Ohio 
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PREFACE 

• , • • ' 

This maniuil was published under Research Objective Achievement Plan 
IBAQflT-OSAEF, "Methods for Determining Biological Parameters of all 
Watj^/* as part of the National Analyticiil Methods'^DeveJopment^esearch 
Pro§5am. The manual was prepared largely by a standing committee of seriior 
Agency biologists organized in 1970 to assist the Biological Methods Branch 
in the selection of methods for use in r.outine field and laboratory wpfk in ' 
fresh and marine waters arising (^uring short-term enforcement studies, Vater 
quality trend monitoring, effluent testing and research projects. i 

The methods con tainted in this manual are considered by the Goramittee 
to be the best available at this time. The manual will be revised .and new 
methods will be recommended as the n^d arises. J 
/ The> Committee attempted to avoid duplicating field and laboratory 
methods already adequately described for Agency use in Standard'lviethods 
for the Examination of Water and Wastewater, 13th edition, and frequent 
reference is rnade to this source throughout the manual. - ' 

Questions and comments regarding the«^contents of this manual should be 
directed to: ^ , I V 

. Cornelius I. Weber, Ph.D. 

Chief, Biological Methods Branch ^-.^ 
-""^ i ' Analytical Qyality Control Liaboratory . , 

National Environmental Research Center 
- • U.S. Environmental Protection'^Agency, 

Cij<cinnati, Ohio 45268 . 1 ' 
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. ^ INTRODUCTION 



The role of aquatic biology in the water 
pollution control program of the U. S, 
Environmental Protection Agency includes field 
and laboratory studies carried out to establish 
water qualiTty criteria for the recognized 
beneficial use? of water ^ resources and to 
mpnitor water quality^. ' 

Field studies are employed to: measure the - 
toxicity of specific pollutants or) effluents to 
individual species or communiti^ of aquatic 
. organisrhs under, natural conditions; detect 
violations of water quality standards; evaluate 
the trophic status of . waters; and determine 
long-terjn trends in water quaUty. 

Laboratory studies are employed to: measui;e 
the effects of known or potentially deleterious 
substances on aqu^tip organisms to estimate 
"safe" concentrations; and determine environ- 
mental requirements (such as temperature, pH, 
dissolved oxygen, eJtc.^ of the more important , 
and sensitive 5pecie^ of aquatic organisn\s. Field 
^ surveys - - and - water quality monitoring are 
goh ducted principally by the regional 
surveillance and a^al^^is and national enforce- 
ment programs. Laboratory studies of water 
quality requirements, toxicity , testing, and 
methods development are conducted principally 
by the national research prqgrams. ^ 

The effects of pollutants are reflected in the 
population, density, species composition and ^ 
diversity, physiological condition and metabolic 
ra^s of natural aquatic communities. Methods 
for field surveys and long-term water quaUty 
monitoring described in this manual, therefore, 
are directed primarily 'toward sample collection 
and processing, organism identification, and the 
measurement of bi6mass and metabolic rates-. 
Gpidelines are also- provided for data evaluation 
and interpretatiou. . 

There are three basic types of biological field 
studies; reconnaissance surveys, synoptic 
surveys, and comparative evaluations. Although 
there is a considerable amount of overlap, ea^ 
of the aboVfe types has specific requirements in 
terms of study design. 

/Reconnaissance surveys may range from a 
brief perusal of the study area by boat, plane, or 
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car, to an actual rielcl-study in which samples are 
collected for the^' purpose of characterizing the 
physical boundaries of the various habitat types- 
(substrate, current, depth, etc.) a'nd obtaining ' 
cursory infotmation oir the flora and fauna. 
Although they may be^an' endf in themselves, 
reconnaissance surveys are generally conducted-^ 
with a view to obtaining information adequafe 
to design more comprehensive studies. They* 
may be quantitative or .'qualitative in approach. 
As discussed in the biometrics section, q[dantita- 
tiv^reconnaissance samples are ♦very. usefiif for 
evaluating the am6unt of sampling effort 
required to obtain the desired level of precision 
in more detailed studies. . «^ 

Synoptic surveys generally involve an attempt 
to determine the kinds and relative abundance 
of organisms present in the environment being 
studied. This type of study may be expanded to 
include quantitative estimates of standing crop 
or prodjUction' of biomass, but is generally more \ 
qualitative^in approach/ Systematic sampling, ifi 
which a deliberate attempt' is made to collect 
specimens from all recognizable habitats, is 
generally utilized Jp synoptic surveys. Synoptic 
surveys^ provide useful background data, are 
valuable for evalaa ting /seasonal johanges in 
species present; ind prbvide us^ul information 
far long-term surveillance programs. / 
The more usual type of field studies involve 
comparative evaluations, which' may tal^arious » 
forms including: comparisons of the flora and 
fauna _ii} different areas' of the same feody of 
water, such as conventional' /'Opstream- 
downstream" studies; comparisons of the flora 
and fauna at a given location in a body of water 
over time, such ^s is the case in trend 
monitoring; and comMrisons of the flora and 
fauna in different homes of water. / 

Com^parative studies' frequently involve both/ 
quantitative and qualitative approaches. HoW-. 
ever, as previously pointed out, the choice is 
often dependent upon such factorsas available 
resources, tiihe limitations, ^d characteristics of ' 
the habitat to be studied. The latter factor may 
b& ^uite important because the habitat ta be 
studied may not b^ amenable to the use of quan- 



titative sampling devices. . s. 

A special field method'^'that warrants a brief 
notation is scuba (Self Contained '^Underwater 
Breathing Apparatus). Scuba enables the biolo- 
gist to observe, first hand, conjiitions that^other- 
wise could be described only from sediment, 
chemical, physical, and biological samples taken 
with various surfacg-operated equipmen|f Equip- 
n\ent modified from jtandard sampling eauip- 
ment or prefat)ricated; installed/and/or operated 
by'^cii^ divers has proven very valuable in.a^ 
sessing the environhiental^onditions where; sur- 
face, sampling gear 'was inadeqiiiflte. Underwater . 
photography presents visual evidence of existing 
Conditions and pejmits the monitorii^g of long- 
term changes in an aquatic eflvironment.* 

By utilizing s^ch underwater habitats as 
Tektite' and Sublimnos, biologists can observe, 
collect,-^ and analyze samples iyitljout leaving the 
aquatic environment. Scuba is "a very effective 
tool available to • the aquatic biologist, an^ 
methods incorp^orating scuba should be. con- 
sidered for usp in situations where equipment 
operated at |1ie siirface does not provide suffi- 
cient information. 



' . *Btaidech, T^., P.E. Gehring, and CO. Kieveno. Biological 
studies relatedfto oxygen depletion and nutrient regeneration 
.processes in thWfcake Erie-Btisin. Project Hypo-Canada Centre 
for Inland Waters, PapSr No. 6, U. S. Environmental Protection 
Agency Technical Report TS05-7 1-208-24, February^ 1972. 



SAFEXy 

The hazards assoc^ted with work on or near 
water require special consideration. Personnel 
should not be assi^ed to duty alone in boats, 
and should be competent in the use of boating 
equipment (courses are offere^d by tiie U. 5, 
Coast jGuard). Field training shguld alsoinclude 
instructions on ^he proper rigging and handling^ 
• of biological satnpling gear. 

Life preservers Oacket type work vests) should 
be worrvat all times when on or near deep water. 
Boats should have air-tight or fc^gm-filled com- 
partments for flotation and be equipped Vith 
fire extinguishers, running lights, oars, and 
anchbr. The use of inflatable plastic or rubber 
boats is discouraged. 

All boat trailers should have rear ninnmg 
and* stc>p lights and turn signals and a license 
t)late illuminator. Trailers 80 incjies (wheel to 
wheel) or more wide should be equipped \vlth 
amber .marker Hghts oi[j the front and rear of the 
frame on both sides. 

Laboratories should be ^provided \vith fire 
extinguishers, fume hoods, and eye fountains. 
'^Safety glasses should be^. worn when mixing 
dangeroiiSvChemicals and preservatives. 

A copy of the fiM Safety Manual i^ available 
from the Qffice of Administration, Washington, 
D.C. 
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1.0 INTRODUCTION 

Field and laboratory studies shovtld be welj- 
planned in advance to assure the collection of 
unbiased and precise data which are technically 
defensible and amenable to statistical evaluation. 
The purpose of this chapter is. to present some 
of the basic concepts and techhi'c^es of sampling 
design and data evaluationi'thil^can be easily 
applieuJJby biologists. ■■■■J--" 

An attempt has been made to present the 
■material in a format comfortable to the non- 
statistician, and examples are" iised to illustrate 
most of the techniques, p 

1.1 Terminology 

To avoid ambiguity in, the following discus- 
sions, the basic terms must be defined. Most of 
the terms are widely used in everyday language, 
tl^it in biometry may be used in a very restricted 
, sense. 

7,7.7 Experiment 

Aji experiment is often considered to be a 
rigidly controlled laboratory investigation, but^ 
in this chapter the terms experiment, study, and 
field study are used interchangeably as the 
context seems to require. A general definition 
which will usualjy fit either of tliese terms is' 
*'any scientific endeavor where observations or 
measurements are made in order to draw ^ 
inferences about the real. world." 

7.7.2 Observation 

This term . is used here in much the same 
manner as it is in everyday language. JOften the 
context will suggest using. the term "measure- 
ment'' in place of '^observation." This will imply 
a quantified observation. For statistical 
purposes, an observation is a record representing 
some property or characterisUc of a real-world 
objecjt. / 

This" may be a numeric value representing the 
weight of a fish, a check mark indicating the 
presence of some species in a bottom quadrat - 
in short, any type of observation. . ' ^ . 



7.7.i Characteristics of interest 

s 

In any experiment or' sampling study, many 
types of observations or measurements could be 
made. Usually, however, there are few types of 
measurements that are related to the purpose of 
the study. The measurement of chlorophyll or 
ATP in a plankton haul may* be of interest, 
whereas the cell count or detritus content may 
not be of interest. Thus, the characteristic of 
interest is the characteristic to be observed or 
measured,, the measurements recorded, analyzed 
and interpreted in order to draw an inference 
ab^ut the real world. ^ 

7.7.4 Universe and experimental unit 

The experimental unit is-the object upon 
which an observation is made. The characteristic 
of interest to the stud/is observed and recorded 
for each unit. The experimental unit may be 
referred^ to in sonie cases as the sampling unit.' 
For example, a fish, an entire catch, a liter of 
pond water, or a square met^r of bottom may 
each be an experimental unit. The experimental 
unit must be clearly defined so as to restrict 
measurements to only those units of interest to 
the study. The set of all experimental units of 
interest to the study is termed the "uniyerse." 



7.7.5 Population^and sample 

In biology, a population is considered to be a 
. group of individuals of the same species. The 
statistical use of the term population, however, 
refers to the set of values for the ch*aracteristic 
of interest for the entire group of experimental 
\inits about which the inferences are to be made 
(universe). ^ 

When studi^Sare made, observations are not 
usually taken for all possible experimental units. 
Only a sample is taken. A sample is a set of obser- 
vations, usually only a small fraction of the total 
number of observations that conceivably could 
be taken, and is a subset of the population. The 
term sampld is often used in everyday language 
to mean a portion of the real world wh4ch has 
been selected for measurement, such as a water 



BIOLOGICAL METHODS 



I 



sampie\ or a plankton hauf. However,' in this 
section Xtjie term **sample" will be. used to 
denote 'ji- set of observations'' — the written 
* records tnemselves. 

J. J. 6 Parameter and statistic . - 

When we attempt to characterize a popula- 
tion, we reuilize that we can never obtain a per- 
fect answer,* so we settle for whatever, accuracy^ 
and precision thatNis required. We try to take an 
adequately-sized sampte and conipute^a ny|giber 

• from our sample that is representative afehe 
population. For example,'^ if we are interested in 
the population mean, we take a sample and com- 
pute the sample mean. The sample mean is 
referred to as a statistic, whereas the population^ 
mean is referred to as a parameter. In general, 
th^ -statistic is related to the parameter in much 
the same way as the sample i^ related to the p6 
ulation. Hence, w^. speak of population param; 
eters and sample statistics. ' 

Obviously many samples may be selected 
from most populations. If there is variability in 
the population, a statistic computed from one 
sample will differ somewhat from the same 
stati$tic pi^puted from another sample. Hence, 
whereas ^ parameter such as the population 

^ mean is fixed, the statistic or sample mean is a 
variable, and there is uncertainty associated with 
it as an estimator of the population parameter 
which derives from the variation among samples. 

2.0 STUDY DESIGN 

2.1- Randomization 

Ah biological studies, the expeijjrnental units 
Csampling units or sampling points) must be 
selected with known probability. Usually, 
/andom selection is the only feasible means of 
satisfying the ''known probability" criterion. 
The question -of why known probabijity is re-* 
quired is»a vaiid one. The answer is thaf only by 
knowing'the probability of selection of a sample . 
can we extrapolate from the sample' to the 
popult\tion in an objective way. The probability 
allows us to place a weight upon an observation 
in making our extrapolation to the population. 
There is no other quantifiable measure of ''how 
well'' the 'Selected sample represents the 
population. \ ^ , ^ 



Thus our efforts to select a "good'* sample 
should include -an appropriate effort to flefine 
the problem in such a way as to allow us to 
estimate the parameier of interest using a sample 
of jknbivn probabiUty; i.e., a random sample.' 

The preceding discussion should leave little 
doubt 7that there is a fundamental c^istinction 
betwegg a "haphazardly-selected'.' sample and a 
"randomly-sele^fted" sample. The distinction is 
that a hapfiazardly-selected sample is one where 
there is no conscious bias, whereas a randomly- 
selected sampl^ is one where tlteffe is.cdn^c/oi/i/y 
no bias, There is consciously'^ bias because tne 
randoijiization js planned, and therefore bias is 
planned out of the study. i[his is usually accom- 
plished with tjie aid of a table of random 
numbers. A samplejselected according to a plan 
that in\:ludes ranUorti 'selection of^e;{perimental 
nits is the .pnly sample validly called a random 
sample. . J- 

Reference to the definition of the term, 
sample, at the beginning of the chapter. wilJ^ 
remind us that a sample consists of a set, of 
observations, eacli^made uoon an experimental 
or sampling unit. To sample randomly, the 
entire set of sampling units (population) must be 
identifiable and' enumerated.* Sometimes the task 
of enumeration may be considerable, but often 
it may be mirjimi^ed by such conveniences as 
maps, that allow easier access to adequate 
representation of the ehtity to be sampled. 

The comment has frequently been made that 
random sampling causes effort to .bespat intb > 
drawing samples, of little meaning or utility to 
the study. This need not be the case. Sampling ^ . 
units sho^uld be defined bj^ the investigator so as ^ 
to eliminate those units which are potentially of 
no interest. Stratification can be u$ed to place 
less emphasis on those units which are of less 
interest. ' . / 

Much of the work done in biological field 
studies is aimed at' explaining spatial distri- 
butions of population densities or of •some' 
parameter related to population densities and 
the measurement of rates of change which 
^ permit prediction of some future course of a . , 
biologically-related parameter. In these cases the 
sampling unit is a unit of space (volume, area). 
Even in cases where the sampl^mg unit is not a 
Unit of space, the problem may often be stated 
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in such- a manner that a unit of space may be 
used, so that random sampling may be more 
easily carried out. f / 

For example,, suppose the problem is to* 
estimate the chlorophyll content of algae in a 
pond at a particular' time of year. The measure- 
ment is upon algae, yet the sample "consists of a 

'^volume of water. We^ould use our khowledge of 
the way the algae are spatially distributed or 

^ make some d^easonable assumptions, tn^n 
construct a random sampling scheme based upon 
a unit of volume (liter) as the basic sampling 
unit. - 

It is ntot always a simple or straightforward 
matter to define sampling units, because of the 
• dynamic nature of living populations. Many 
aquatic organisms are mobile, and )2ven rooted 
or sessile forms change With time, so that 
'changes occurring during the. study often make 
data interpretation difficult. Thus^the benefit to 
be derived from any attempt to considerlsuch^ 
factors in the planning stage will be consider- 
able. 

Random sample selection fs a subject. apart 
from the selection of the study site. It is of use 
only after the study objectiy€s~Tiave been 
^ defined, the type of measure^rifents^ha^e been 
selected, 'and the samplingf units have been 
defined. At this point, random sampling pro- 
vides an objective means of obtaining informa- 
. tidn to achieve the objectives of the study. 
' jDne satisfactory method of random sample 
selectioji is described. iFirst, number the universe 
or entire set of sampling units from which the 
sample^ will be selected. This number is N. Then 
from a table of random\iumbers select as many 
^random numbers, p, as there will be sampling 
units selected for the sample. Random numbers 
tables are available in most ^apphed statistics 
texts or books'" of mathematical tables. Select a 
starting point in the table and read the numbers 
consecutively in any direction (across, diagonal, 
down, up). The dumber of observations, n 
(sample size), must be determined prior to 
sampling. For example, if n is a two-digit 
number, select two-digit numbers ignoring any 
number greater' th^lfi n or Qnj number thaj ^iias 
already been selected. These riumbers/CvUTibe the 
numbers of the sampling units to beiselected. 

To obtain reliable xiata, information about the 



statistical population is needed in advance of the 
full scale study. This information may be 
obtained from prior related studies, gained by 
pre-study reconnaissance, or if n<H direct in- 
^ formation is available, professional opinion 
about the characteristics of the population may 
be relied upon. 

2. 1. J Simple random sampling 

\ Simple (or unrestricted) random sampling is 
used when there is no reason to subdivide the 
population from which the sample is drawn. The 
sample is drawn such that every unit of the 
population has an equal chance of being 
selected. This may be accomplished by using the, 
, -Random selection scheme already described. 

2.1.2 Stratified random sampling . 

If any knowledge of the expected size or 
vifia^ion of th§^ observations is available, it can 
often be used as a guide "in subdividing the 
population into subpopulations (strata) with a 
resulting increase in efficiency of estimation. 
Perhaps the mpst profitable means of obtaining 
information for stratification is through a pre- 
study reconnaissance (a pilot study). The pilot 
*study planning should be done carefully, 
perhaps s^atifying based upon suspected varia- 
bility. The results of the pilot study may be used 
to obtain estimates of variances needed to 
establish sample size. Other advantages of the 
^ pilot study are that it accomplishes a detailed 
reconnaissance, and it provides the ppportunfity 
to obtain experience iij the actual field situation 
where the filial study will be made. Information 
oBT^ed and difficulties encountered may oftqn 
be used' to set up a more realistic study ,and 
avoid costly and needless expenditures. To maxi- 
mize precision, strata should be constructed 
. such that the observationS'^are most alike within 
strata anid most different among strata, i.e., 
minimunv variance- withirustrata antf maximum 
variance among stra(ta. hi practice, the informa- 
tion used to form strata will usually be from 
previously obtained data, or information about 
characteristics correlated with the characteristic 
of interest. In aquatic field situations, stratifica- 
tion r may be based upon depth, bottom type, 
isotherms, and numerous other variables sus- 
pected of being correlated with the character- 

J 
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istip of interest. Stratification is often done on 
other bases such as convenience or administra- 
tive imperative, but except where these cor- 
respond with criteria which minimTze the 
variation within strata, no gain in precision may 
be expected. 

Number of Strata 

In aquatic biological field studies, the use of 
knowledge of biological cause-and-effect may 
help define reasonable strata (e.g., thermoclines, 
sediment types, etc!, may markedly affect the 
organisms so that the environmentaLfeature may 
be the obvious choice for the strata divisions). 
Where a gradient is suspected and wheri stratifi- 
cation is bas^d on a factor correlated to an 
unknown degree with the characteristic of 
interest, the- answer to the question of how 
many strata to form and where to locate their 
boundaries is not clear. Usually as many strata 
are selected as may be handled in the study. In 
practice, gains in efficiency due to "stratification 
usu^ally. become negligible after only a few diafl!*^ 
sions unless -the characteristic used as the basis 
of stratification is very highly correlated with 
the characteristic of interest. 

2.1.3 Systematic random sarupling ^ 

In field studies, the biologist frequently 
wishes to Use some sort of transect, perhaps to 
be assured of including an adequate cross section 
v?hile maintaining relative ease of sampling. The 
use of trailsects i5> an example of systematic 
sampling. However, a random starting point is 
chosen along the transect to intrpduce the 
randomness needed to guarantee freedom from 
bias and allow statistical inference. ^ . 
The method of placement of the transect" 
^ should be given ^ great deal of thought. Orten 
*^transects arei set up arbitrarily, but they should 
not be. To avoid arbitrariness, randomization 
should be employed in transect placement. 

2.2 Sample Size ' > 

2.2.1 Simple random sampling " ' 

In any study, one important early question is 
that of the size of the sample. The question is 
important because if, on the one hand, a sample 
is too large, theyeffort is wasteful, and if, on the 



other hand, a sample is too small, the question 
of importance to the study may not be properly 
answered. 

Case 1 — Estirhation of a BiffOmial Proportion 

An estimate of the proportion of occurrence 
of the two categories must be available. If the 
categories, are presence and absence, let the^ 
probability of observing a presence b6 P (0 < P 
< 1 ) and the probability of observing an absence 
be Q (0<Q< 1, P + Q= 1). The second type of 
inf^mation which is needed is an acceptable 
r^agnitude of error, d,. in estimating P (and 
hence Q). With this information, together with 
the size, n, of the population, the formula for n 
as an initial approximation (rio), is: 



no 



. -.(1) 



The value for t is obtained from tables of 
"Student's t" distribution, but for the initial 
computation Die value 2 may be used to obtain 
a sample size, n©, that will ensure with a .95 
probabiUty, that P is within d of its true value. If 
no is less than 30, use a second calculation^ 
where t is obtained from a tabfe of "Student's t" 
with no- 1 degrees of freeclQm. If the calculation 

results in an no, where < .05, no further 

calculation is warranted. Use no as the sample . 

size. If > .05, make the following, computa- 



tion: 



1 + 



N 



(2) 



Case 2 — Estimation of a Population Mean for 
, ' Measurement Data 

In this case an estimate of the variance, s^, 
must be o.btained from some source, and a state- 
ment of the margin of ferror, d, must be ex- 
pressed in the same units as are the sample 
observation^. Ta calculate an initial sample size: 



(3) 



of 
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If. rfo < 30, recalculate using' t from the tables, 
-and-if -^-> -bS^ a furthef-CalculationJsjn order: 



(4) 



After a sample of size, n, is obtained from the 
population, the basic sample statistics may be 
calculated. The calculations are tf^ same as for^^ 
equations (11) through (15) unless the sample 
size^ n, is greater than 5 percent of the popula- ' 

tion N. If > 05, a correction factor is used so 

that the calculation for the sample variance is: 



(5) 



n- 1 



The other calculations' malce use'' qf, s^ , as 
Bcafculated above, whereveif' s^ appears in the 
formulas. 

2,2.2 Stratified random sampling 

To compute the sample size i^quire^d to 
obtain an estimate of the mean within a 
specified acceptable error, computations can be 
made similar to those for simple .random 
sampling: a probability level must be specified; 
an estimate of the variance "within each stratum 
must be available; and the number of samp^ng 
units in each stratiim must be known. Although 
this involves a good deal of work, it illustrates 
the need for a pilot study and indicates that we 
m^ust know something about the phenomena we, 
are studying if we are to plan an effective 
sampling, program. 

, If the pilot study or other sources of inforAia- 
' tion have resulted in what are considered to be 
reliable estimate's of the variance within strata, 
le sampling can , be optimally allocated to 
str^a> Otherwise proportional allocation should 
be used. Optimal allocation, properly used, will 
res^ilt in more precise estimates lor a given 
sample size. 

For proportional allocation the calculation for 
sample size is: 

(6) 
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where t = the entry for the desired probability 
level from a table of "Studei^ t" (use 2 for a 
rough estimate); N)^ = thp number of sanlplirifi 
units in stratum k;,sk^ the variance of stratur^ 
^k; N = the totaK number of sampling units in alA 
strata;'^nd. d = the acceptable error expressed in\ 
the same units as the observations. 

For optimal allocation, the calculation is: 

^ (7) 



2a2 



1 + 



N^d^ 



where the symbols are the same as above and 

where Sk =V""sk^ the standard deviation of 
stratum k {see Equations (16) to (19)] . - 

.Having established sample size, it remains to. 
determine 'the portion of the sample to be' 
allocated to each stratum. . 
For proportional allocation: 

nNk 



nk =■ 



(8) 



where nk = the number of observations to be 
made in stratum k. 
For optimal allocation: 

nNkSk 



nk = 



SNkSk 



(9) 



Sample selection within eacH stratum is 
performed in the same manner as for simple 
random sampling. 



2.2. 3 Systematic randdm^ samplmg 

After the location of a transect une is 
selected, the number of experimental units (the^ 
number of possible sampling points) along this 
line must be determined. This may be done in 
many way? depending upon the particular situa- 
tion. Possible examples are the number of square 
meter plots, of bqttom centered along a 100- 
meter transect (N = 100); or the meters of 
distance along a 400-meter transect^as points of 
departure for making a plankton haul of some 
predetermined duration perpendiculaff to the _ 
transect, (In -the^second" example", a questioiToT A 
subsampling or some assumption about local, 
homogeneous distribution might arise since the 
plankton net has a t^adius le^ than one meter). 
The interval of sampling, C, determines sample 
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size: n - N/C. The ipean is estimated -as usual; 
the variance as ior a simple randpm sample if 
there aire no trends, periodicities, or other non- 
random effects. ^ 

2.3 Subsaippling 

> Situations often arise where it is natural or' 
» implrative that the samplii^X units are defined in 

a two-step manner. For e?&mple: colonies of 
benthic organisms might bey the first step, and 

\ tlie measurenient of some cha.racteristic on the. 

^ individuals within the colony might be the 
second step; or streams might be* the first 
(primary) step, and reaches, riffles or pooljs as 
the seconc^ step (or ^lernept) within the ur}ft>-^ 
When a sample of pxim^ lifdts is selected, and 
then for each nrirRafy unit a sample is selected 
by observin^'^me element of the primary unit,"" 

^. > tbe^mpling scheme is known 'as subsampling or. 

> '"two-stage sampUng'. The computations are 

straightforward, but somewhat more involved. 

The method 6f selecJtoiTtrf the primary units 
must be established. It may be a simple random 
sample (equal probabiHties), a stratified random . 
sample (equal ^probabilities within strata), or 
other scheme such as probability proportional to 
size (or estimated size) of primary unit. In any 
case, let us call the probabiUty^ of selection of 
ihe i~ primary unit, Zj. For simple random 



•3.0 GRAPHICEXAMINATIONOFDATA 

Often the most elementary techniques are of. 
the greatest use in data' interpretation. Visual 
examination of data can point the way for more 
V discriminatory analyses, or on the other hand, 
► interpretations may become so^^ol^ious that 
further analysis is superfluous. In eather case, 
^aphicai examination of data is ofteii the most 
effortless way to obtain, an initial examination 
of data and affords the ch&nce' to organize the 
data. Therefore, it is often done as a |irst step. 
Some commonly used techniques a^p presented 
below. Ceircounts (algal cells per !|piiiiliter) will 
serve as the numeric example (Table 1 ). 



sampling, ^Zi' 
primary 



where 



N is the number of, 
For stratified 
> where k signifies the 



unfits^; in- the universe. 

random sartipling, Z^ j = 

k^-^ stratuni. For^ selection in wl^chjtl^^ primary 
units are selected with probabili^'^roportional 
to their size, the orobabilitv of selection of the 



(10) 



to their size, the probability 
j— primary unit is 

i=l 

where L equals the number pf elements in the 
primary . unit indicated • by its subscript. If 
stratification is used with the latter scheme, 
merely apply the rule to each stratum. Other 
methods of assigning probability of selection 
may be us^d. The important thing is to establish^ 
the' probability of selection for each prinrary 
unit. 



hA Raw Dm . 

As brought out in* other -chapters of this 
manual, it is outmost importance that raw data 
l;>e recorded in . a careful, logical, interpre table,' f 
manner togetherwith appropriate, but not super- 
fluous, annotations. Note , that although some 
annotations may be considered superfluous to 
the immediate intept of the data, they may not 
be so for. other purposes, note that might 
aid in rd'etermining whether the data are 
comparable' to other similar data, etc., ^should be 
recorded if possible. 
3.2 'Frequency Histograms 

To construct a frequency histogram from the 
data of Table 1, examine the raw data to deter- , 
mine the range, then establish intervals. Ofoose 
the intervals with care so they will be optimally 
integrative and differentiative. If the intervals ' 
are^^too wide, too many observations will be 
intemted into one interval and the picture will ^ 
be'hiddei^; if too narrow, too few will fall into 
one interval and a confusing ove^differentiation 
or overspreading of the data \yilb result. It is 
often enUghtening if the*vsame data are plotted 
with the Use of several interval sizes. Construct 
the intervals so that no do^t exist as to which 
interval an observation belongs, i.e.,. the end of 
one interval must not be the same number as the 
beginning of the next. 

The algal count data in Tables 2 and 3 were 
grouped by two interval sizes (10,000 cells/ml . 
^nd 20,000 cells/mil It is.easyto,seethat the, data 
are grouped largely in the range 0 to 6 x 10"^ 
cells/ml and that the frequency of occurrence is 
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TABLEll^ 



^AVJ DATA ON ^ANKT(!)N 
. COUNTS 







_ ■» 
Date 


Count 


Date 


Count V. 


Juife 


V 






July 


44,231 




23,077 


J^c 


7,692 


• 1 1 ' 


a 


' 36 538 ' 


'^26^ 


23,077 


12 


50,000." 




26!923, ' 


-27 ; 


134,615 


13 


26,923 


11 


?3,077 


28 


32,692 




44,231 


12 


13,462". 


29 


25,000 


46,154 


.13 


19,231 


30 


146,154 


16 


55,768 


'14 ' 


" 21,154 


July 


107,692 


17 


, 9,615 


15 


61,538 


1 


18 


13,462 


16 


96,154 


2 


13,462 


19 


. 3,846 


17 


^3,077 


3 


9.615 . 


20 , 


3,846 


18 


46,154^ 


4 


148,077 


21 


11,538 




48,077 


5 


' '53,846 


22 


7,692 


20 


51,923 > 


. 6 


103,846 


23 


' 13,462 


21 ' 


5O,0pO 


7,- . 


78,846 


24 


*21,154 


22 ' 


292,308 


8 


132,692 


25 , 


17,308 


23 


:i65,385 


9 


228,846 






i4' 1 


42;308 


10 


307,692. 







lesser, the larger the value. Closer i{^spection will 
reveal that with the finer interval 'wic^th (Table 
2)', the frequency of -occurrence does not in- 
crease monotonically as cell . cOunt decreases. 
Ral^her, the freqiiencfy peak is foi^d in the 
interval 20,000 to.30,000 cells/.ml. This observa- 
tion was not possible using: the coarser interval 
width; the freque'ncies were "overintegr^ted" 
and did^not reveal this part of the pattern. Finer 
interval widths could further change the picture 
presented by each of these groupings. ^ 

Although a frequency table, contains all the 
information that a comparable histogram con- 
tains, the graphical value of a histogram is 
usually worth the small effort required for its 
construction. Figures 1 and 2 are frequency 
histograms corresponding tp Tables 2 and 3, 
r^pectively. It can be seen that the histograms 
ar^ more immediately interpretable. The height 
of each bar is the 'ftequency pf the interval;'the 
width IS the interval width. 

■• X ■ 

3.3 Frequency Polygon ^ c 

Another way to ,;present essentially the same 
information as that in a frequency histogram is* 
the use of a fre((iuency'';!polygon. Plot points at 
the height of the frequency and at tHe midpoijit 
of the interval,/ and /connect the points with 
straight lines. The dak pf Tabic 3 are used to 



TABLE 2. FREQUENCY TABLE FOR DATA 
IN TABLE 1 GROUPED AT AN INTERVAL 
WIDTH OF 1 0,000 CELLS/ML 



Interval 4^ 


Frequency 


Interval 


Frequency 


0- 10 . 


6 


200 - 210 


Q . 


10- 20 


7 


210 -220 


0 " 


20-30 


9 


220-230 


• 1 


30-, -^O' / 


2 


230 1 240 




40- 50 


6 


\ 240 -250 " 




50 - 60 


5 


250 -260 


* " 0 


60-70 


1 


260-270 


0 


70-^80 , 


1 


^ 270- 280 


'^0 


80 - 90 


Q 


280-290 


. ' 0' 


'90-100 


1 


290 - 300 


1 . 


100- IfO 




300-310 


1 


110-120 


0 ^ 


310-320 


0 ^ 


120 -no- 


0 


320-330 


0 


no -140 


, 2 


330- 34Q 


t) 


140-150 


2, 


340 - 350 


0 


150-160 


0 . 


350»- 360 


0 


160-170 


1 


360 - 370 


t) 


170-180 


. 0 


370 - 380 * 


0 


180-190 


0 


380 - 390 


0 


190-200 " 


0 


390-400 


0 y 



illustrate the frequency polygon in Figure 3. 

3.4 Cumulative Frequency 

Cumulative frequency plots are often usefid in 
data interpretation. As an example, a cumulative 
frequency histogram (Figure 4) was constructed 
using the frequency tabl^ (Table 2 or .3). The' 
height of a bar (frequency) is the sum of all 
frequencies up to and including the one being 
plotted. Thus, the first bar v^U be the^same as 
the frequency histogram, the second bar ejguals 
the sum of, the first and second bars of the 
frequency histogram, etc., and the last bar is the. 
surA.of all frequencies 
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Figure 1. Frequency histogram; interval width is 
10,000 cells/mK 
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TABLE 3. FREQUENCY TABLE FOR DATA 
IN TABLE 1 GROUPED AT AN INTERVAL . 
WIDTH OF ^,000 CELLS/ML 



Interval 



. V. 0- 20 
> 70- 40 
40- ^0 
--^-fiiIi/80 
' 80-100 
100-120 
120-140 
140- 160 
.160- 180 
180-200 



Frequency 


^ ynterval ' 


Frequency 


13 


^^200- 220 \ 


0 


11: 


220-240 


1 


11 


240 -260' 


0 


2 


260-280 


0 


1 


280-3Q0, 


1 


2 


300-320 


1 1 


• 2 


. 320 - 340 


*0 


2 


340-360 


0 


1 ^ 


360^^380 


0 


0 


380-400. 


0 



Closely related to the cumulative frequency 
histogram is the cumulative frequency distribu- 
tion graph, a graph of relative frequencies. To 
obtain the cumulative graphf, merely change the 
scale of the frequency -axis On the cumulative 
frequency histogram. The scale change is made 
by dividing all values oir the scale by the highest 
value ion the sca% (in .this case the hurmier.of 
observations or 48). , 

The value of the cumulative frequency distri- 
bution graph is to allow relative frequency to bev 
r^ad, i.e., the fraction of observations less than 
or equal to some chosen value. ^Exercise caution 
in ex-trapolating from a cumulative' frequency 
distribution to other situations. Always bear in 
mind/ that in spite of a planned lack of bias, each 
sample, or restricted set of samples," is subject to 
influences not accounted for and is therefore 
uni(iue. This caution is all the more pertinent for 
cumulative frequency plots because they tend to 
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Figure 2 
20,000 cj 



frequency histogram; interval width is 
?lls/mt 



smooth out some of the variation noticed in the 
frequency, histogram. In addition, the phrase 
^"fraction of observations Ipss than or equal to 
some chosen value" can easily be/ead "fractiait 
of time the observation-is less than or equal, to 
some chosen value." It is tempting-^ generalize 
from this reading and extend these results 
beyond theii .uiige of applicability. 




0 40 80 120 , 180 200 240 280 320 
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Figuce 3. Frequency polygon; intfervaT width is 
20,00p cells/ml. v . , * 
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Figure 4. Cumulative frequency histogram; in- 
terval width is 10,000 cells/ml. 

3.5 Two-dimensional Graphs 

Often data are taken where the observations 
are recorded as a pair (cell count and time), 
(biomass and nutrient concentration). Here a 
quick plot of the set of pairs will usually be of 
value. figure 5 is such a graph of data taken 
from Table 1. Each point is plotted at a height 
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coxresponding >to cell count and at^^ distance 
from the ordinate axis corresponding to .the 
•nifmber of days since the beginning obs^rvatip/n. 
■The peaks and troyghs, tjieir frequency, tog^her 
with intimate knowledge of' the conditions of 
the study, might suggest something* of biological 
interest, further statistical analysis; or further 
field or laboratory work. ^ , / ^ 

In summary, carefully ^ pregajed tables arid 
graphs may be important jand informative steps 
in dat^* analysis. The^dded . effort -4s. usu^ly 
small, whereas gains^^ifi interpretive insight may 
be large. Therefore', graphic examination of- data 
is a recommended procedure in the cours^ of 
most4nvestigatipns. f ^ ^ \ 




Figure 5, Ar\ example of a two-dimensional 
graph plotted Yrom algal-count data in Table 1. 



4.0 SAMPLE MEAN AND VARIANCE 

4.1 General Applica^on 

Knowledge of certain computations and 
computational notations is essential to the use 
of statistical techniques. Some\)f the more basic 
^^f these ,will be briefly reviewed here. 

To illustrate the computations, let us assume 
we have a set of data, i.e., a list of numeric 
values written down. Each of these values can be 
labeled by a set of numerals beginning with 1, 
Thus, the^//r5^ of these values tan to called X A 
the second , etc., and the last we call Xn J 



The data values are labeled with con3ecuti||^ 
numbers (recall from the defiqitions^at these 
numeric values are observations), and there^are n 
values in the set of data. A typical observation is 
Xi, where i may take any value beti#/e^ Land n, 
inclusive, and the subscript indicates \vmch )t is 
being r^ferei^ced. * ^ . ^ " ' / • 
The^ sum of »the numbers in a daja set, such as 
our sample, is indicated in statistical computa- 
tions by capital-sigma, 2. Associated with 2 ar/^( 
an operand (here, x)), a subscript (here, i = 



and a superscript (here, n), ,2 Xj. The sub- 

' \ ■ ■ ■^^'^ ?L * 

script i = 1 indicates that the v^lue of^ the 

^ operand X'is to be the number labgled'Xnin our 
data set aad^that this is to be. the first observa- 
tion of the sum. Th^superscript n indicates that 
the last number of the sun^mation is tD^be the 
value of Xn , the last X in our data set. - 

Cbmputati^S' for the mean, variance, 
standard deviation, variance of the mean, and 
standard deviation of the mean (stan'dard error) 
are presented below. Note that these are compu- 
tations for a sample of n observations, i.e., they 
are statistics. , ' 

Mean(X):- 



X = 



n 
n 



(11) 



Variance (s^ ): 



2 Xi^- 
i=I 



(12) 



n-l 



7 



^Note: The X/s are squared, then the summation 
is performed in the first term of the numerator; 
in the second terrh, the sum of the X^'s is first 
formed, then the sum is squared, as indicated by 
the parentheses. 

Standard deviation (s): 



variance ^of the mean (s|Sii 



c2 .= . 



(13) 



(14) 
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Standard deviation of the mftan or standard 
error (s=t ): / \ 



^ sampling): 

For the sample mean: 



(15) 



^.2 Statisticsfor Stratified Ji^ndom Sifmpl^^ 

Tfie^caifulations of the;, sample statistics for 
sti:atified random sampling are as follows (see 
2.2,2 Stratified random samples): . ' 

For-ihe mean of stratym k: 



where y is the averkge, computed over sub- 
samples at well as for thfrsample 



(21) 



- where yj j equals the observation for the^j- 
element in the i— primary unit, and Lj ^ the 
(16) nurtiber of. observations upon element^ for 
prima-ny ur(it i. ^ \ 

For thfe variance of the sample meaniV 




i.e.,;simply^ com|5Ute an ^thmetic/average for 
the measurements of stratum k. / 

For the variance of stratum k: . 



(y) = 



1 



Pk M 
1=1 / 



n(n-l)(2U)2^"l ^ 



n J\ A 
2 (Yi- Y„)2 



nk 



(17) where Yj is computed as 



nk-l 



i.e., simply Eqtuation 12 applied to the data of where Y„ is computed as 
the kth. stratum. ' 
For the mean of the stralified sample: 




Y„=-i-j; Yi = y 2 Li 
"i=l 



Vst '■ 



m _ 
k=l 

N 



( 



(18) 



or alternatively 

s2(y)=- 



7 



for either type allocation or alternatively for 
proportional allocation: 



n(n-l)(2 Li)2 
* i=l 



.(22) 



(23) 
(24) 



(25) 



ysf 



m _ 
2 nicyic 
. k=l 

n 



/ 



(19) 



Note that Equations (18) and (19) are 
identical only for proportional allocation. ' ^ 



^4.3 Statistics for Subsamples 

If simple random sampling is used to select a 
subsample, the following formulas are used tq 
calculate the sample statistic (see 2.3 ^Sub- 



4.4"' Rounding ' 

The questions of rounding and the number of 
digits to carry through the calculations always 
arise in making statistical computations. 
Measurement data are approximations, since 
they are rounded -when the measurements were 
taken; count dataj and binomial d^ta are not 
'subject to this type of approximation. 

Observe the following rules when working 
with measurement or continuous data. 

• ^hen rounding numbers to some number 
of decimah places,vfirst look at the digit to the 



io 
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.riglit ofthe last place to be retain.ed. If this 
number is greater than 5, the last place tor be 

"retailed is rounded^p by 1 ; if it is less than 5^ 
do not change the last place - merely drop the 
extra places. Jo round to 2 decimal places: 



' Unrounded 

' r.23'9 
28.5849 



Rounded 

' »1.'24 
28.58 



• If the digit to^-the Vight of tjie last place to 
be retained is 5, then look at'the second digit to 
the right of the last place to be kept, provided 
tfiat the unrounded number is recorded with 
that 'digit as a significant digit. If the second 
digit to the right is greater than 0, then round' 
the number ^up by 1 in the last place to be kept; 
if the second digit is 0, then look at the third 
digit, etc. To roiundto 1 place: 



Unrounded- >vto)unded 



13.251 
13.25b01 



13.3 
13.3 



• If the number is recorded to only one place 
to the right of the last "place to be kept, and that 
.digit'is>.0, or if the ^significant digits two or more 
places beyond the last place to be kept are all 0, 
a special rule (odd-even rule) is followed to en- 
sure that, upward rounding occurs as frequently 
as downward rounding. Tjfe rule is: if the digit 
to' the right of the last plaqe to be kept is 5, and 
is the last digit of significance, or if all following 
significant digits ace^^round up when the last 
digit to be retained is odd and drop the 5 when 
the last digit to^be retained is even, round to * 
1 place: . ^ " 



Unrounded 

13.2500 
[3.3500 



Rounded 

13.2 
13.4 



Caution': "all rounding must be made in 1 step 
to avoid introducing bias. For example the 
number . 5.45 1 rounded to a whole number is 
clearly. 5-,' but if the round-ing v^cre done in two 
steps it would first be rounded to 5.5 then to 6. 



r 



Retaining Significant. Figures 



Retention of si^ifibant figures in statistical 
computations can be summarized in three rules: 

• Never use more significance for a raw'data ' 
value than is warranted. p ^ " / 

• During intermediate (|omputati(^s keep all 
^significant figures for each data ,value^and carry 
the compijtations out in full. 

• Round the final Jesuit to the accuracy set 

by the least ap.<rurate data value. 

i» . 

5.0 TESTS OF HYPOTHESES— 

Often ih biofogical field studies some aspect 
of^ the study' is directed to answering a hypothet- 
ical question about a population. If the hy- 
pothesis is (quantifiable, such as: "At the time of 
sampling, the st^ding crop of plankton biomass 
per liter in lakk A was the same as the standing 
crop per liter in lake B," then the h/pothesis can 
be\tested statistically. The cmestion of drawing a • 
sample in such a way that thbre is freedom from 
bias, so that such a test may be made, was dis- 
cussed in the section on ;sampling (2.0). 
Three standard types of tests of hypotheses 



't-test," the ''x^-test," 



will be described: the 
and the "Frtest." ^> 

5.1 Ti.test 

-The t-test is used to cJ'omgafe a sample statistic 
(such.;,as the mean:) with some 'value for the 
purpdse of making a judgment about the popula- 
tion a^ indicated by the sample. The comparison 
value may be the mean of aijothen sample (iri 
which case we are using the two samples to judge 
whet'her the two populations are the same). The 
form of the t-statistifi'is ^ 
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iple stajis 



(26) 



where d = some^ sample >tajistic; Sq = the 
standard deviation of the sample statistic;'and 
0 = the value to which the sample statistic is 
compared (the value of the null hypothesis). 

The >|jse of the t-test requires the use /of 
t-tables. The t-tableJs_ a two-way table usually 
arranged with the colurpn headings being the 
probability, a, of rejecting the'^ll hypothesis 
when it is. true, and the row headings being the 
degrees of freedom.. Entry of the table at the 
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correct ^^robability^eweJ requires a discussion of ' 
'two- types- of hypotheses testable 'using the 
t-statistic. . - 

The null hypothesis- is- a hypothesis^ of no^ 
diCference between >a population parameter and^^ ^ 
'another value. ^Suppose -the hypothesis to be c 
tested is that the tnQan, /i, of soni^ population 
e^als * 10. Then we woulcf write th^ null 
' hypothesis (synftoUzed Hq ) as • . . ^ 



/ 



and the table is for one-tailed tests, use tjiis same 
column for, .05 in^two-tailed test (do^iblff any 
one-tailed test hea^ng to geflhe proper two^ 
tailed Xest heading; or conversely, halve the two- 
tailed (test heading to obtain proper headings for 
one-taifed tests). ^ ; 

.Testing : /i = .M (the. population mean 
equals some value M): 



Ho :M=rlO - 



Here 10 is the value of 0 in the general form for ' 
the t-statistic. An alternative tdr^e null 
hypothesis ^is^ now required, the investigator, 
viewing the experimental sttuatioi), determines 
the way in which this is stated. If the investi- ' 
gator merely ^wants to answer .whether the 
sample indicates that jSt = 10 orViot^ tl\en the 
alternatefhypothesis. Ha, is ■ 

If it is known, foi|''^xample^ tliatriu cannot be less 
than JO, then Hals % ,^ 




t =- 



X -:m 

^x 



(27> 



and by 'similar reasonin^the other possible Ha "is 

* :'/i<lO ^ 

Hence, there^^afe 'two typbs of alternate hy- 
- potheses:^^e«^where the alternative is simply 
'that the. null hypothesis?. :!S false (H^ 
the other, that the nuli hypothesis is* false and, 
inwaddition, that^he population parameter lies 
to one side or the otter erf the hypothesized 
value [ Hj, : /i o\ <) lOJ. In the case of Ha 

10, the test is called a two-tailed test; in the 
case of either of the second types of alternate 
hypotheses, the t-te^t is called a one-tailed tesj. 

Xo use a' t;;^at)le, it must be determined 
whether the column headings (probability of a 
larger valu^, br percentage points, or other 
means of expressing a) are set for one-tailed or 
two-taifed tests^Some tables are presented with 
both headings, and the tejms "sign ignored" and 
"sign considered'' are used. "Sign ignored" 
implies a two-tailed test, and ''sign considered" 
implies a one-tailed test. Where tables are given 
for one-tailed tests, the column for any 
probability (or percentage) is the * cokmn 
appropriate to twice the probability for a two- 
tailed test. Hence, if a column heading is .025 



wheF^'J^is' giv^ I5y '^equartion (Tiy or otfier 
appropriate equation; M = the hypothesi/ed 
population mean; and sj^. is given by- equation 
(15), The t-table is enltered dt the chosen proba- 
biin;y level (often !b5f and n- 1 degrees of free- 
dom, where n- is {he number of observations in 
the sanjple. ' - 

. ^hen*the computed t-statistic exceeds the 
tabular value there is said to be a \\a probaf 
bility that Ho is false. \ ' - ; - : \ 
. ^Testing Wp : Mi = (the njean of the popula- 
tion frorfi yhich sam^e 1 was taken equals the 
mean o^ the population from which sample 2 
was taken): ^ ' . * . 

X2 



^ , ^ t = ^^i^ ^ (28) 

'Xi - X2 

where Sx^ - Xj " pooled standard eaor 

obtained by adding the corrected sums bf 
squares for sample 1 to the corrected sums of 
squares for sample 2, and divijding by the sum of 
the degrees of freedom. foS^ach times the sum 
of the numbers of observations, i.e., ^ 



"2 



^(29)* 

"Y (1^1 +]ni2) [(ni - l) + (n2- I)] ' > 

An alternative and frequently useful form is 

- - - i)sr'^ + (n2- i)s2^ ^r^n^i 

'X1-X2 V (ni +n2)(ni +n2-2)^ ^^^^ 

.where Si ^ and S2 ^ are each computed according 
1;o equation (12), <^ 

For all conditions to.be met whete the t-test is 
^applicable, the sample should have been selected 

♦2 sign, wh/tn unsubscriptcd, will fhdicatc sumtnationTor all 
observations, hence ZXi means sum of aU observations in 
sample I. , 



from a population distributed as a normal distri- 
butipn. Even if the population is not distributed 
.normally, however, as sample sij^e increases, the 
t-test approaches , to applicability. IP it is 
suspected ^mat the population deviates 'too 
drastically from tlje normal, exercise care in the 
use of thg_^test. One methbd of checking 
whether the data are nrdrmally .distributed4s to 
plot the observations on' normal pA)bability\ 
graph paper. Ifihe plot approximates a srtraigRt 
line, using the t-test is acceptable. 1 ' . 

• ; '^he. t-test is (ised in ^cfertain* case? where it- is 
known that the' parent dj^sttibutiort ^i^ nQtv ^ 
normal*. One case- commonly elncount^sr^ in- , 
field studies vis the binomial. The binomial may • 
describe presence or absence, dead of ajiv^, male 
or female, ^?ta^ * ' ^ I l 
; Testing Ho : P = K (fhe population proportion 
equals some vaiup K}; ^ / ^ ' 
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iisson,"tJ|usV— ^ 




Note that X = for the Poisson 
Standard deviation ofthe^mean, s^^ . 

"5.2 Chi Square Test (X^-t^st) '* . / 

' Likev t, values^inay ha founji/in mathe- 
matical and^taiisti(^l tables tabulated ih a two- 
wa^p&irajigement. Usually^ with t, the column 
heted^gs .are pr0babiUt;es ofcobtaining a larger 
>X^ value;rwhen tr^^; ainatiie cpW headings/ 
are'HlegreesQT' freedom. If the (Jalcui^ted.X^eSiCr 
ceeds'the tabular valued,, then ^he null hypothesis^ 
?is rejected. The c]ii square t^st is'crft^ used , with 
the ^^Sumpjtion approximate ndrmal^ty in the ^ 
papulation. ^ ; .'^ - ^ ^ ' ! 

Chi square appears ih two foEmsj:*hat differ 
not only in, appearance, but that provide forrrfats'' 
for different applications. ^ . / (/ 

• One form: 



1(31) 



(n-l)s^ 



(33) 



where P = the symb'blfor the population propor- 

. tion (e.g., proportiqn of males in the popula-v 
tion); K = a constant positive fraction aslthe 
hypothesized proportion; p = thB proporiion 
obseWed in the sample; q = the complemenllary 
proportion (e.g., the proportion of femal^ in 

'the sample or 1 - p); and n = the numbeXof 
observations in the'^sample. 5lote that since p is 
computed ^ (number of males in th^ sample) / 
^ (total number of individuals in the sample),, it 
wiil always be a positive number less than one,^ 
and hence, so will q. Again must be chosen Ha* 

'can be any of the ^type.s previously discussed; 
ancl the degrees of freedom are n - 1 / • 
Count data, where the objects /counted' are 

. distributed randomly, follow a Poisson distribu-^ 
tion. If the Poisson can be used as an-sadequate ^ 
description of the distribution of the popula- 
tion, an approximate t may be computed. 

Testin^i;Ho • M = Mlfor the Poisson (the mean ^ 
of th^ po^idation distributed as a Poissor^ equals / 
some hypothesized valu,e M)p: 



is useful in tests regarding hypotheses about a^. . 
• The other form: 1 



E)^ 



(34) 

where 0 = an observed value, apd.E = an ex-^ 
pected (hypothesized) value, is especially useful 
in samphrig from binomial and multinomial 
distribution, i.e., where the data may be classi- 
fied into two or more categories. - ^ T 

Consider first a binomial situation. Suppose 
the data from fish collections from three lakes 
are to be pooled and the hypothesis of an e^^ual 
sex ratio tested' (Table 4). 



TABLE 4. POOLED FISH SEX . 
^ DATA FROM 3 LAKES 



No. males 


No. fern ales 


Total 


892*(919)t 


946 (919) 


/l838 



•Observed values, 
t Expected, o/ hypothesized, values. 



X- M 



To compute . the hypothesized values* (919 
above), it is necessary to have formulated a null 
(32) hypothesis. In this case, it was 

: No. males = No. females = (.5) (total) 
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Expected valvies are always computed based 
^'pon the null hypothesis. The computation for 



(892- 9l9)^ + (94g^-9l9)^ 
919 



1.59 li.s.* 



Anqt^&r test,, may be illustrated * by the 
V following'^ example. Suppose that comparable 
technique^ were used to collect from four 
^--streanisr'With^ the use of three species common 
to all streams, it is desirSd to test the hypothesis 
, that the three species occur in the same ratio 
-.regardless of stream, i.e., that thett ratio is 

^independent of^stream (Table 6). ^\ 

■ ' * ' . .■ ■ ^ . - . • ^ • 

TABLE 6. OCCURRENCE OF THREE • 
SPECIES OF FISH , 



, Stream - 



Number of organisms 



species 1 Species T Species 3 



Frequency 



*n.s. = not significant r ^ . . 

♦ There is one (iegrefe tif freedom- for this te^t. 
, Sinde (39mputed is not greater than tabtulated 

X^ (3.84X'thje null hypothesis is not rejected. 
This test, of course, applies egually we|l to data 

* IhSt has,np,t been pooled, i.e., where" the values 
are? from two iinpooled .categories. 

The information, contained *in each of the 
collectioos is partially obliterated by "pooling. If 
the i^ntity^ of tKJf tollections is maintained, two 
types^of test may be made: a test of the riull^ 
hypiithesis^ for, each collection sepaprately;^d a 
/ vtest*^of';''interactioa, It., whether the 'i:atio 

• dep^iids upon ^ the lake fronij which the sample 
^was obtained (TaWe 5).» ^ * ; ' " 

. TABLE'S. FISH SK^ DAm^FROM 3 LAKES To discqss the table above, O, j = the observa: 



1 

2 • 

3 
4 

; Total 
Expected 
ratio 



24* 

15' 
28 
.20 
87 



(21;7)t 
(l8.5) 
(27.4J 
(19.4) 



12(12.5) 
14(10.6)' 
15(15.7) 
9(11.2> 

50 - 



-30(31.7) 
27 (26.9) 
40 (39.9) 
30 (28.4) 

127 V 



66 
56 
-83 
59' 
264 



87/264 



50/:^4 127/264 



♦Observed values. . 

f Expected, or hypothesized 



Cace 


No Males 


^ No Females 


Total , 




I 

2 
3 


346* (3%4)t 
302 (288) • 
244 (277) 


36J2C354). v: 
' 274 (288) 
" 310(277) 


' '708 
^ 576 
554 , 


.36 n.s. 
1.3"0 n.s. 
7.88 
P = .005 


Total 


892 (919) 


946^(919) 


i^38 • 


1.59 n.s. 



♦Observed values. ' ' ^ " - ^ 

fExi)ectied, or hypothesized valuei. 

With the use of the same null hypothesis,' the 
, following results are obtained. /. , 

Thfe' individual X^'s Were* computed in the 
same manner* as equation (34), in separate tests 
of the hypothesis for each lake. Note that the 
fi|st two are not significant whereas the third is 
significant. This points to probable ecological 
differences ^ong lakes, a possibility that would 
not have been discerned by pooling the data: 

Th^test for interaction (dependence), is made 
by summing the individual X^ 's- and subtracting 
the X^*obtainerf using totals, i.e.,' 

(interactions) = lod (individuals) - (total) 
= .36 + 1.30 + 7.88 - 1.59 = 7.95 

The degrees of freedom for the interaction X^ 
'are the number of individual 'X^ 's minus. ofie; in 
this case, two. This interaction X^ is significant 
(P > .025), which indicates that the sex ratio- is 
"indeed dependent upon the lake. 



tion for the i- strfeam and the j- species 
Hence, *023 is'' the observation for stream two 
and species three, or 27.^ A similar indexing 
scheme applies to the expected values, E{ ^ 5'or 
the totals, a subscript replaced- by a dot (.) 
symb^olizes that sUrrynation haS occurred for the 
observations indicated by that subscript. Hence, 
0.2 is the total for species two:^0); O3. is the, 
total for stream three (83); and O., is the grand 
total (364). 

Corr/putations of expected values make use of 
the null hypothesis that the ratios ar^the same 
, regardless of stream. The best estimate of this 

ratio for any species is^, the ratio of the sum 

for species j to the total of all species. This ratio 
multiplied by the. total for stream i gives the 
expected number of organisms of species j in 
stream i: . / 



For example. 



(Oi .) 



(35) 



12.5 
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. X ^ is computed as^- 




^2 <Orj-^ur 



2.69 (n.s.) 



For this type of hypothesis, there are (rows- 1) 
(columsr 1 ) degrees of freedom^ in this case . 

^ , (3) (2) = 6 ^ H,^, 

In the example, js nonsignificant. Thus, there 
is' no evidenci^^tlrat the ratws^^among fhe organ- 
isms ar^ differ&nt for differelit'si^aiSsv 

Tests of two types ofjhypotheses by X^ have 
been illustrated. The first type of hypothesis was 
one where there was a.theoretical ratio, i.e., the 
ratio of males to females is 1:1. The' second type 
of hypothesis was one where equal ratios were 
hypothesized, but t&e values of the ratios 
themselves were computed from the data. To 
draw the proper .inference, it is important to, 
make a distinction between these two types of 
hypotheses. Because the ratios are derived from 
the data4p the later case, a better^ fit to these 
ratios (smaller X^ ) is . expected. This is compen- 
sated for by loss of degrees ^pT freedom,. Thus, 
smaller computed^X^ 's may be judged 'signifi- 
cant than would be in the case where thp ratios 
are hypothesized fndependently of the data. 

5.3 F-test 

The F distribution is used for testing equality 
of variance. Values of F are found in books of 
mathematical and statistical tables as well as in 
most statistics texts. Computation of the* F 
statistic involves the ratio of two variances^ each 
with associated degrees of freedom. Both of 
these are used to enter the table. At any entry of 
the F tables for (n, - 1 ) and (nj - 1 ) degrees of 
freedom, there are usually two or more entries. 
TJiese entries are for various levels of probability 
of rejection of the null hypothesis when in fact 
it is true. 

The simplest F may be computed by forming 
the ratib of two variances. The null hypothesis is 



the vaAfo ol 
Ho fo,' = 



02 ^ ■ The F statistic is 



(36) 



where s,^ is computed from n, observations 
and S2^ from Hj- For simple variances, the 
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{'2 = ^2 - 1. The table is entered at the chosen 
probability level, a, and if F exceeds the tabu- 
' lated value, it is said that there is a 1 - a 
probability that ^ exceeds 02 ^ .'.^ 

s 5.4 Analysis of Variance 

Two simple but potentially ^useful examples 
of thoA analysis of variance' are presented to 
illustrate^the use of this technique. Tlie analysis* 
of variance is a powerful and general technique 
apphcable to data from virtually any experimen- 
tal or field study. There are restrictions, however, 
in the use of the technique. Experimental errors 
are assumed "to be fiDrmalJy (or approximately 
normally) distributed about a mean of zero and 
have a common variance; they are also assumed 
to be. independent (i.e., there should be no cor- 
' relations among responses that are unaccounted 
for by^the identifiable factors of the study or -by 
the model). The effects tested must be assumed 
to be linearly additive. In practice thes^ assump- 
tions are rarely completely fulfilled, but the 
analysis of variance can be used unless signifi- 
cant departures- from m)rmahty, or correlations 
among adjacent observations, or other types of 
itieasurement bia5 are suspected. It would be 
prudent, however, to check with a statistician 
regarding any unc'ertainties about the appU- 
cability of the test before issuing final reports or 
publications. 

5.4.1 Randomized design 

The analysis of variance fpr completely 
randomized designs provides a technique often 
useful in field studies. This test is commonly \ 
used for data derived from' highly-cohtrolled 
laboratory 'or field experiments where treat- 
ments are applied randomly to all experimental 
units, and the interest lies in whether br not the 
treatments significantly affected the response of 
the experimental^iihits. This case may be of use 
in water quality studies, but in these studies the 
treatments are the conditions found, or are 
. tlassificatioris based upon ecological criteria. 
Here the desire is to detect any differences in 
some type of measurement that might exist in 
conjunction with the field situation or the 
classifications or criteria. 

For example, supjx)se it is desired to test 



degrees of freedom, f, will be f, = n, - 1 and whether the biomass of organisms attaching to 
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slides suspended in streams varies from stream to 
stream. A sim[5le analysis such as this could 
precede a more in-depth biological study df the 
comparative productivity of the streams. Data 
from such a study are presented in 'table 7. 

TABLET. PERIPHYTON 
' ■ PRODUCTIVITY DATA 



r 

r 

Stream 


Slide 


Diomass 
(mg dry wt.) 


1 


\. 1 
2 


26 
20 




3 


14 




4 


25 


2 


1 


54 




2 


28 




3 


Lost 




4 , 


23 


3 " 


1 , 


31 




, 2. 
3 


35 ^ 
40 




4 


28 



In testing with the analysis of Variance, as 
with other methods, a null hypothesis should be 
formulated. In this case the null hypothesis 
could be! , 
H,,:. There are no differences in the 
biornass of organisms attached to the 
slides that may be attributed to differ- 
ences among streams. 
In utilizing the analysis of variance, the test 
for whether therc'are/differences among streams 
is made by comparirtfe two types of variances; 
most often called "mean squares" in this con- 
text. Two mean squares are computed: one 
based upon the means for streams; and'one that 
is free of the effect of the means. In our 
example, a mean square for streams is computed 
with the use of the averages (or totals) from the 
streams. The magnitude of this mean square is 
affeeted both by differences among the means 
and by differences among slides of ^he same 
stream. The mean square for slides is. computQd 
that has no contribution due to stream differ- 
ences. If the null hypothesis is true, then differ- 
ences among streams do not exist and, therefore, 
they make no contribution to the mean square 
for streams, thus, both mean squares (for 
streams and for slides) are estimates of the same 
variance, and with repeated sampling, they 
WQuld be expected to average to the same value. 



if the null hypothesis (Hq) is true, th^ ratio of 
these values is expected to equal one. If H^^ is 
not true, i.e., if there are real differences due. to 
tHe effect of streams, then the mean squa/e for 
streams is affected by these differencg^nd is 
expected to be the larger. TKeTafio in the 
second case is e^xpected to l)e greater than one. 
The ratio of these two variances forms an F-test. 

The analysis of variance is presented in Table 
8. ■ • 3; • - . 



The co!tif)utations are: 

' (85 + 85 + 134)2 ' 



11 

26^ + 20^ + 



8401:45 

• • • + 40^ + 282 =: 393^ 



ij ' - 

Total SS = 8936r 8401.45 = 534.55 



85^ 85^ 1-342 



8703.58 



302.13 



streams SS = 8703.58- 8401.45 = 302.1 3 
Slides w/i sUeams SS = Total SS - Streams SS 
^ = 534.55- 
= 232.42 

The mean squares (MS column) are computed 
by dividing the sums of squares (S3 column) by 
its corresponding degrees of freedom (df 
column). (Nothing is usually learned in this 
c^ontext by computing a total MS.) The F-test is 

TABLE 8. F-TEST USING PERIPHTON DATA 



Source - 


df 


ss 


Total 


N-1* 
















Streams 


:t-l 


2 ill- -c 

i 'i 


Slides w/i streams 


2(ri-l> 
i 


Total SS - Stream SS 



♦The symbols are defined as: N = total number of observations 
(slides); t = number of streams; ri = numl)er of slides in stream i; 
Xij = an observation (bioma^s ^ a) slide); Xi . = sum of the 
observations for stream i;and C = cijTrection for mean = 
(2 Xij)^ ' ' 

Ji 



\ 

Source 


df 


SS . 


NfS 


F 


Total 
Streams 
Slides w/i 
streams 


10 

2 . 

8 


534.55 
302.13 

'232.42 


151.065 
' 29.05^ 


5.20* 



♦Significant at the -0.05 probability level. 



16 



On 



BIOMETRICS ANALYSIS OF VARIANCE 



performed by computing the ratio, {mean square 
for ^streams)/ (mean square for slides), in this 



When the calculated F value (5.20) is com- 
pared with the F values in the table (tabular F 
values) where df = 2 for the numerator and df = 
8 for the denominator, we find that the calcu-^ 
lated F exceeds the' value of the tabular F for 
'probability .05. Thus, the experiment indicates a 
high probability (greater than 0.95) of there 
being a difference in biomass attached to the 
shdes, a difference attributable to differences in 
streams. 

Note that this analysis presumes good biologi- 
cal procedure and obviously cannot discriminate 
' differences in streams from differences arising, 
for example, from the slides having been placed 
in a riffle in one stream and a pAol in, the next. 
In general, the form of^any anal>^s of variance 
derives from a model describing aiV observation 
in the experiment. In the exdrnM, the model, 
although not stated explicitly, assumed only two 
factors affectJifcg a biomass^ measurement - 
streams -and shdes within streams. If the model 
had included other factors, a more complicated 
analysis of variance would have resulted. 
5.4. 2 Factorial design 

Another apphcation of a simple analysis of 
variance may be made where the factors are 
arranged factorially. Suppose a field study where 
the effect of a suspected toxic effluent upon the 
fish fauna of a river was in question (Tables 9 
and 10). Five samples were taken about one- 
quarter mile upstream and five, one-quarter mile 
downstream in August of the summer before the 
plant began operation, and the sampling scheme 
was repeated in August of the summer after 
operations began. 

Standard statistical terminology refers to each 
of the combinations P,T,, PjT,, P, Tj/ .and 
P2T2 as treatments or treatment combinations. 
Of use in the analysis^ is a table of treatment 
totals. 

In ^planning-fer -this fieW study, a null and 
alternate hypothesis should have been formed. 
In fact, whether stated exphcitly or not, the null 
hypothesis was: 

Ho.* The toxie^effluent has no effect upon' 
the weight of fish caught 



this hypothesis is not stated in statistical terms 
and, therefore, only implicitly tells us'what test 
to make. Let us \ook further at the analysis 
'before attempting to state. a null hypothesis in 
statistical terms. . 

In this study two factors are identifiable: 
times and positions. A study could have been 
done on each of the two factors separatel^.e., 
an attempt could have bjeen made to distinguish' 
whether there was a difference associated with 
times, assuming all other factors insignificant, 
and likewise with the positionsT'TThe example, 
used here, however, includes both factors 
simultaneously. Data are given for times stfTtf for 
positions but with the complication that we 
cannot assume that one^ is insignificant when 
studying the oiher. For the purpose of this 
study, whether there is a significant difference 
with times or on the other hand with positions, 
are questions that are of- httle interest: Of 
interest to this study is whether the upstream- 
downstream difference varies with times. This 
type of contrast is termed a positions-times inter- 
action. Thus, our null hypothesis is, in statistical. 



TABLE 9. POUNDS OF FISH CAUGHT 
PER 10 HOURS OVERNIGHT SET dF A 
1 25-FOOT, P/2-INCH-MESH GILL NET 



Times 




Positions 


Upstream (Pi) 


Downstream (Pj) 


Before 


28.3 


29.0 


(Ti) . 


33.7 


28.9 




38.2 


20.3 ' 




41.1 


36.5 




17.6 


^29.4. 


After 


15.9 


19.2 . 


(T2) 


29.5 


22.8 ' 




22.1 


24.4 




37.6 


16.7 ' ' 




26.7 


11. 3 



TABLE 10. TREATME>fT TOTALS FOR 
THE DATA OF TABLE 9^ 



Total 




Positions 


Times totals 


Upstream 


Downstream 


B efore 


. 158.9 


144.1 


303.0 


After 


131.8 


'94.4 


'226.2 


Positions 






Grand total 


totals 


290.7 


\ 238.5 


529.2 
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terminology: 

Ho : There is no significant interaction effect 

Computations for jtesting this hypothesis with 
the use of an ana)(ysis of variance table are 
presented below, r v 

Symbolically, an observation must have three 
indices specified to be x:ompletely identified: 
position, time, and sample number. Thus there 
.are three subscripts: Xj is an observation at 
position i, time j, and from sample k. A value of 
1 for i' is upstream; 2, downstream; 1 for j is 
before;^, after. A particular example is Xi2 3» 
the tliird sample upstream after the plant began 
operation, or 22.1 pounds. A total (Table 10) is 
specified by using the dot notation. For^^ the 
value of Xj j., thqn the individually, sampled 
values for position i, time j are totaled. It is a 
total for a treatment coriibination. For exarhple, 
the value of X j i . is 1 58.9, and the value of X, 
where^ samplings and times are Jboth totaled to 
give the total for upstream, is 290.7. , 

For a slight advantage in generality, let the 
following additional symbols apply: t = number 
of times, of samphng (in this case t = 2); p^=. 
number of positions samples (in tjiis case p = 
s = piimber of samples per treatment combir ^ 
tion; and n = the total number of observations: J 

The computations are: 
Correction for mean (CT): 

Xjjk)^ (529.2)^ . - 

. — — = ; 

= 14002.63^ . .. 



Treatment Sum ofrsSquares (SSTMT)^^^', 



(Note that the divis6r,.(5>may^])5 
here, if desired, but where a|iif|^m^^^^ 
samples is^ taken for ^tech trelt&^^preo 
it slK)uld be left as aboye.) ' 7^;-* ■ ' 

Positions Sum of Squares (SSP): 



2xi J 



CT 



CT 

(226.2)2 



Times Sum of Squares (SST): 

2x.j .2 

sp 

(30^^ ~ 14002.63 = 294.91 

Interaction of* P9sitions and Times Sum of 
Squares (SSPT): 

SSTMT ~ SSp ~ SST . • 

456.69- 136.24- 294.9r= 2l54 

Error Sums of Squaresil 

2X|iJc2-.SSTMT-CT 

15?08.24 - 456.69 - 14002.63 = 848.92 

Although not iihportant to this example; the 
main effects, positions and times, are tested for 
significance. The F table is entered with df = 1 
for effect tested, and df = 16 for error. The posi- 
tions effect , is not significant at any probability 
usually employed. The times effect is significant 
with proJbabiHty greater ' than ,95, The inter- 
action effect, is not significant, and we, there- 
fore, conclude that no effect of the suspected 
toxic effluent can be distiwguished in this data. 
Had the F value for interaction been large 
enough, we would hava^ rejected the null hy- 
poThesis, and concluded that the effluent had a, 
, significant effect (Table 11). 

TABLE 11. ANALYSIS OF VARIANCE 
TABLE FOR FIELD STUDY DATA 
OF TABLE 9 



• Source . 


df 


ss 


MS 




TrepVnenis - 
Positions ' 

. Positions 
V X times 
') . ':£rror ■ " ' 


3 

■. ' 1 
' 1 

■ 

16 


<^ 456.69 
^" 136.24 
- 294,91 

25.54 
848.92 


136.24 
294.91 

' 25.54 
-53.05 


.. 2.56 
5.55* 

<1 



CONFIDENCE INTERVALS FOR MEANS 
AND VARIANCES. 



^.0 



(250.7)2 (238.5)? 



10 



10 



~ 11002:63= 136.24 



When means ar^computed in fiel^ studies, the 
desire often is to report them as intervals rather 
than as fixed numbers. This is entirely reason- 
able because computed means are ' virtually 
always derived from^samples arid are subject to 
the same uncertainty that is associated with the 
sample. / 



^ The correct computation of confidence 
intervals requires tlaat the distribution of the 
obseryations be known, But very often approxi- 
mations are close enough to correctness to be of 
use,_an(d often are, or may b^i^ade to be, con- 
servative. For computation of confidence inter- 
vals for the mean, the normal distribution is 
usually assumed to apply for several reasons: the 
. central limit theorem assures us that with'large 
\ J^ples the mean is likely to be approximately 
•^normally distributed; the required computations 
are well known and are easily applied; and when 
/ the normal distribution is^known not to apply, 
suitable transformation of the data often is avail-, 
able to allow a valid application . 

The confidence interval for a mean is an inter- 
val within which the true mean is said to have ^ 
some stated probabiUty of being found. If the 
probability of the mean not being in the interval 
hot {a could equal . 1 , .05, .0 1 or any probability 
^^value), then the. statement may be written 

P(CL, <M^CL2)= 1 -a 

. This is read, "The probability that the lower con- 
fidence limit (CLj ) is less than the true mean (/i) 
and that the upper confidence "limit (CLj) is 
greater than the true mean, equals 1 - a." How- 
' evefr we never know whether or not the true 
mean is actually included in the interval.-So the 
confidence interval statement is really a state- 
ment about our procedure rather than about /i. 
It says that if we follow the procedure for re- 
peated experiments, a proportion of those ex- 
penmen ts equal to a will; by chance alone, fail 
to include the true mean between our limits. For 
example, if a = .05, w? can expect 5 of 100 
confidence intervals to fail to include the true 
mean. 

To compute. the limits, the sample mean, X; 
thfe standard error, Sx ; and the degrees of 
freedom, n-i^rnust be known. A t^^ n-l-value 
from tables of Student's t is obtained corre- 
sponding to n-1 degre^fjs of. freedom knd 
probability a. ^The computation is 

• ' ( 

\ CL, =X-(ttt)(s^) 
CL2 = X + (t^) (s^^) 

Othqr confidence limits may be computed, 
and one additional confidence' limit is giveiW 
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this section — the Confidence limits for the true 
variance, a^. The information needed ftere is 
similar to that needed for the mean, namely, the 
estimated variance, s^; the degrees of freedom, 
nr t; and values from' tables. The values from 
depend upon the degrees of freedom and 
upon the pro babiUty level, a. The confidence 
•interval is a 



'( n-l)s^ <-^2< (n-l)s^ 



1-a 



This will be illustrated for a = .05; (n- 1) = 30; 

and s^ = 5. Since.a = .05; 1 - | ~ 0.975; the 

associated g^^^^ 16.8. and the X^o 025 = 
47.25, Thus, the probability statement for the 
variance in this case is ' 



'[3.19^ 0^^8.93] = .95 




7.0 LINEAR REGRESSION AND CORRE- 
LATIQN 

7.1 Basic Concepts 

It is often desired to investigate relationships . 
between variables, i.e., rate of change of biomass ^ 
and concentration of some nutrient; mortality 
per unit of time and concentration of some 
toxic subst^ce; chlorophyll and biomass; or \. 
growth" rate ana temperature. As biblogists, we 
appreciate the mcredible complexity of the real- 
world relationships betweei\ such variables, but, ' 
simultaneously, we may wish to investigate the 
desirability df approximating these relationships 
with a straight line. Such an approximation may 
prove invaluable- if used judiciously within the 
Umits of the conditions where the relation holds. 
It is important to recognize 'that no matter how 
well the straight line describes th& data, a causal 
relationship between the Variables is never 
implied: Gausality is much more difficult to 
establish than mere description by a statistical 
relation. / • 

When studying the relationship between two 
variables, the data may be taken in one of two 
ways. One way is to measure-^two variables, e.g., 
measure dry weight biomass and an associated * 
chlorophyll measurement. Where two'Variables 
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are measured, the data are termed bivariate. The 
other way is to choose the level of one variable 
and measure the associated magnitude of the 
other variable. 

Straight line equations may be obtained for 
eagh of these situations by the technique of 
linear regression analysis, afrd if the obje'ct is to 
predict , one variable from the other, it is 
desirable to obtain such a relation. When the 
degree of (linear) association is to be examined, 
ho straight line need be derived - only a 
measure of the strength of the relationship. This 
measure is the correlation coefficient, and the 
analysis is termed correlation analysis. 

Thus, linear regression analysis and linear cor- 
relation analysis are two ways in which linear 
relationships between two variables may be 
examined. -^^ . - 

7.2 Basic Computations ^ 

7.2.1 Regression equation 

The regression equation is the equation for a 
straight line, 

t Y = a+bx 

X graphic ^representation of this funotion is a 
straight line plotted on a two-axis graph. The^ 
line ^intercepts the y-axis a distance, a, away 
from the origin and has a slope whose value i$ b. 
Both a and b can be negative, zero, or positive. 
Figure 6 illustrates various possible graphs of a 
regression equationX 

The regression equation isf^btained by "least- 
squares," a technique eiisi^ng th^t a "best" line 
will be objectively ojjtained. The application of 
least-squares to the simple case of a straight line 
relation between two • variables is extremely 
simple. 

In Tatle \2 is a set of data that are used to 
illustrate the use of regression analysis. Figure 7 
is a plot of these data along with fitted line and 
confidence bands. 

In fitting the regression equation, it is con- 
venient to compute ^t least the following quan- 
tities' 

(1 ) n = the number of pairs of observation of X 

andY, 

(2) 2X = the total for X, 

(3) 2Y= the total for Y, 



TABLE^'l ^ PERCENT SURVIVAL 
TO FilY^TAGE OF EGGS OF 
GOGGLE-EYED WYKE VERSUS 
CONCENTRATION OF r • 
SUi^ERCHLOlTOKILL IN^ ' 
PARENTS' AQUARIUM WATER 



I^ercent survival (Y) 


Concentration, pph(X) 


74. 


-1. 


82. ' 


1-' 


68. - 


A 


65. 




60. ^ 


\ ,2. , 


72. 


64. 


3. 


60. J 


3. 


57. 


3. 


51. 


4. 


50. 


4. 


.55. 


4. 


• 24. . 


,6. 


28. 


6. 


36:' 


6. 


0. 


10. 


10. 


10. 


4. 


10. * 



(4) j 2X^ = the total of the squared X's, 

(5) 2Y^ = the total of the squared Y's, 

(6) 2XY = the total of the products of the X,Y 

pairs, 

(7) (2X)^ = the square.of quantity (2), 

(8) (2 Y)2 = the squate of quantity (3), 

(9) (2X)(2Y) = the product of quantities (2) 

and (3), / , 

(10) CTx = quantity (7) divided by quantity (1),- 

(1 1) CTy = quantity (8) divided by quantity (1), 

(12) CTxy = quantity (9) divided by quantity 

(1). 

With the calculation of these quantities^ most 
of the work associated with using linear regres- 
sion is complete. Often calculating machine 
characteristics may be so utilized that" when one 
quantity is calculated the calculation of another 
is partly accomplished.' Modern calculators and 
computers greatly simplify this task. 

In Table 13 are the computed values of 
quantities (1) through (12) for the data of Tablfe 
12. 

The estimated value for the slope of the line, 
b, is computed using 

(37) 



XXY-CT xv (6)- (12) 
XX^ - CTx * (4)- (10) 



20 



32 



ERIC 



-J" 



For the example, this is 



^ _ 2453 " 3726.67 



498. 
= -8 



338 



rounded to the nearest ^|liole number. 

Computation of .?he estimated/ intercept, a, is 
as follows: ' 



a = y - bx 
n n 



(38) 



which for the 



exampl 



(1) (i> 



e 

860 



78 



18 -(-«^T8 



= 82 

rounded to ti^ nearest whole nymber. 
Thus, the recession equation/ for this data is 

Y = 82-8X/^ * 



where ^ = the percent survival, andi X = con 
centration of pesticide. 

Figure 7 shows the regression line, plotted 
alpng with the data points. Note that this line 
appears to be a good fit but that an eye fit might 
have Veeifiriightly different and still appear to Ije 
^a "good fit." This indicates that' some unceK 
tainty is associated with the Une. If a value for W 
is obtained with the uj^ of the regression equ^' 
tion with a given x, another experiment, how- 
ever well controlled, could easily produce a 'dif- 
ferent value. The predicted values for y are 

TABLE 13. COMPUTED VALUES 
OF QUANTITIES ( 1 ) TH^IOUGH 
(1 2) 'FOR THE DATA OF TABLE 12 



, Quantity 


Value 


( U n . 


•*18 


( 2) SX_ ' 


78 ' 


( 3) SY^ 


860 


4) 2X^ • ^ 


498 


( 5) 2Y^ 


51,676 


( 6) SXY^ 


2,453 


{ 7) ax)i 


6,084 


( 8) (7:Y)^ 


V 739,600 


( 9) (2X)(SY) 


. 67.080 


^ (10) CTx 


338 


I (11) CTy 


41.088.89 


(12) CTxy 


' 3.726.67 
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subje<;!t to some uncertainty, and a statement of 
that uncertainty should invariably accompany 
the use of the predicted y. 

7,2/2 . Cdnfidence intervals 

The proper statement of the uncertainty is an 
interval estimate, the same type as those 
previously discussed for! means and variances. 
The probability statement for a predicted y"^ 
depends upon, the type of predictiori, being 
made. The regression equation is - perhaps most 
often ^used to predict the mean y to be expected 
when X is some value, but it may also be used to 
predict the value of a particular observation of y 
when X is some value. These two types of predic- 
tions differ only in the width of the confidence 
intervals^. A cojifidence interval for a predicted 
observation will b'e the wider oflthe two types 
because of uncertainty associated' with vaflatidns 
among observations of y^or a given X. . • 
To compute the coWfji^ence intervals, first 
compute a variance estimateTThis is the variance 
due to jleviatiohs of the observed values frpm 
the regression line. This computation is: 



s5.x = 



Sy2 



(2XY- 



rr CTxv.)^ 
(2x5 -CTx) 



•n-2 



For this ex;i^mpla: 

51.676- 41,089- 



(39], 



(2.453 - 3.727)^ 
(498- 338) 



18-2 



= 28 



This statistic is useful in other computations as 
will become apparent. 

^For the^confidence interval^ the squa^rtf root of 
the»above statistic,!^ or the '^sliaijdard error of 
deviations from regressipn is required, i.e., 

. ' j Sy.x=Vs^=5 (40) 

The Confidence limits are computed as folloyvs 
for a pi^dicted mean: 

CL(^) = a + bXp ±(ta) (sy.x)"\A+ -^^^^^^ 
V n 



(2X2 - CT 



where t^is chosen from a table oft values Using 
n-2 degrees of freedom and probability letel a; 

Y = the computed Y for which the confidence 

interval is sought, a mean *Y predicted to be 
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s 



POSITIVE IfTERCEPT- 
POSITIVE^LOPE 



POSITIVE INTERCEPT 
NEGATIVE SLOPE 




- 4 



y 



ZERO INTERCEPT / 
POSITIVE SLOPE 




NEGATIVE INTERCEPT 
POSITIVE SLOPE 




negati/eOitercept 
negati^slope 




NOTE: A SL&PE OF ZERO IMPLIES 
NO RELATIONSHIP. 



i- Figure 6. Examples of straight-line graphs illustrating regression equations. 



, -22 o-'v 



BIOMETRICS - LINEAR REGRESSION 




CONCENTRATION OF SUPERCHLOROKILL (PPB) 



Figure 7. Regression analysis of data in Table 12. 
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tionsj 



= relation (4) in the 



observed on the average when the X value is X^ ; 

Xp = the particular X value used to compute Y; 

X = the mean of the X's used in the^e computa- 
£X _ (2) 
n (1)' 

c6mputations; and CY^ = relation (10^ m the 
computations. Note that'in using'^Equation (41) 
\yhere tha signs (±) are shown, the minus (-) sign 
is used when computing the lower confidence 
limit and the plus (+) for the upper. 

If a confidence interval for a particular Y 

(given, a particular X, i.e., Y) is* desired, the 
confidence limits are computed using 



CL(Y) = at bXp±(t<x)(sy.x 



(Xp-X)^ 
(SX^ - CTx) 



(42) 



Note that Equation (42) diffS^fS from Equatioq 
(41) only by the adcjition of 1 under the radical. 
All the symbols are the same as for Equation 
(41). Again the*se confidence intervals will be 

wilier than those for Y. \ 
If a graphical representation of the confi- 

dence interval for Y or Y over a range of X is 
desired, merely compute the confidence interval 
for several (usually about 5) values of X, plot 
them on the same graph as the regression line, 
and draw a smooth curve through them. The 
intervals at the extreines of the data, will be 
wider than the intervals near the mean values. 
This is because theruncertainty in the estimated 
slope is^eater for the extreme values* than for 

the gentral ones. , , 

^th such a plot, the predicted value of Y and 
its associated confidence interval for a given X 
can be read (see Figure 7, vertical line corre- 
sponding to X = 3 and notation).^ ^ 

7.2.3 Calibration curve 

Often with, data such as that given in Table 
12, a calibration curve is needed from which to 
predict X wHi^n Y is. given. That is, the linear 
relation is established from the data where 
values of X (say pesticide) are fixed and then Y 
(survival of eggs) is observed, where this relation 
predicts Y given X; then unknown concentra- 
tions of 'the pesticide are used, egg survival 
measured, and the relation is Worked backwards 



to obtairt - pesticide • concentration from egg 
survival, ihisj may be done graphically from a 
plot sud( as that illustrated in Figure 7. 
Predictefl^X's and associated cpntidence intervals 
may be >ead from the pl^ (see horizontal line 
correspoi^ing to x = 40 and notation). 

Calibration curves and confidence intervals 
may also ^ be worked algebraically. Where the 
problem has fixed X's, as in the example, the 
e(iy#tion for X sljiould be obtained algebraically. 



I.e., 



(Y-a) 

'• b 



(43) 



f^a predicted X (X) given a mean value Y^ 
from a sample of m observations, the confidence 
limits may be computed as follows : 



compute the quantity 



A = b2 - 



(SX^-CTx). 



compute the confidence limits as 



(44) 



{1 _ b(Ym-Y) 
CL(X) = X + z 



-Y)i 
CTx) 



where Ym = the average\of m newly observed Y 
values; X, b, Y, Sy.x, IX^, CTx, and n = values 
obtained from the original set of data and wjiose 
meanings are unchanged. Note that m may equal 
one, and Ym would therefore be a single 
observation. . 

7.3 T^ts of Hypotheses , ^ * 

if it is hot clear that a relationship exists 
between Y and X, a test should 'be made to 
determine whether the slope differs from zero. 
The test is a t-test with n-2 degrees of freedom. 
The t value is computed as " 



(45), 



where 



Sb = 



^ A/2x2 - CTx 

Since the null hypothesis is 

Ho:& = 0 

set /Jo = 0 in the t-test and it becomes 
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If the computed t exceeds .the tabular t, then the 
null hypothesis is rejected and , the estimated 
slope, b,Js tentatively accepted. Other values of 
/Jo niay be tested in the null hypothesis and in 
tip t-test st^lltistic. " * 

With data such as those in table 12, another 
hypothesis may be tested - that of lack of fit of 
the m1E>del.to the data, or bias. This idea must be 
distinguished from random deviatibns from the 
straight line. Lack of fit implies a nonlinear 
trend as the true model, whereas random devia- 
tions from the model imply that the model' 
adequately represents the trend. If more than 
one Y observation is available for each X (3 in^ 
the example Table '1 2)," random fluctuations can 
be ^eparated^ from deviations from the model,-" 
i.e., a random error may be computed at each 
point so that deviations from regression may be 
partitioned into random error and lack of fit. 

The test is in the form of an analysis of vari- 
^ce and is illustrated in brief form symbolically 
in Table 14. Here, the F ratio MSL/MSE tests 
linearity, i.e., whether a linear model is suffi- 
cient;, the ratio MSR/MSD tests whether the 
slope is significantly different from zero. 

TABLE 14. ILLUSTRATION OF ANALYSIS 
OF VARIANCE TESTING LINEARITY OF 
REGRESSION AND SIGNIFICANCE OF . 
REGRESSICfN 



level .of X; 
, exam pie. 



in this case always 3. For the 
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With this, the analysis of vati^ce table (Table 
IS) may be constructed. . In the first part of 
Table 15, the ^ums of squares and degrees of 
freedom are given symbolically to relate to the 
computations of Table 13 and to the above 
^computations. The mean squares (MS) are always . 
obtained by dividing SS by df. 
! When the data for Table 12 are arialyzpd 
(second part of Table 15), there vis a very 
Unusual coincidence in the values of MS for 
deviations from regression, lack of fit, and error. 
Note that this is coincidence and they must 
always be computed separately. 

As already known from the graph, t-test, etc., 
the regression is highly significant. A negative 
result from the test for nonjinearity (lack of fit) 
was also Suspected ^from the visually-satisfactory 
Ri of Figure 7. Therefore, for this range of data, 
we can conclude that a ////ear (straight Urie) rela-, 

TA3LE 15. ANALYSIS OF VARIANCE OF 
THE DATA OF TABLE 12; TESTS FOR ^ 
LINEARITY AND SIGNIFICANCE OF . 
REGRESSION* . 



Source 


df 


MS 




Total . 


. n-1 




MSRT^P 


•Regression 


' .1 ' 


MSR 


Deviations frotn 






regression 


;^ 






Lack of fit 


m-2 




MSL/MSE 


Eixor 


n-m. 


MSB 





' Source 



df 



SS 



Total ; 
j^Regxession 

Deviations from 
regression 

Lack pf fit 



. n4 
1 

n-2 

m'2 



(SXY-CTxy)^ • 

Total SS - Regression SS 
Deviation SS - Error SS 



To use this analysis,^one se^ of computations 
must be made in addition to those of Table 13. 
The computation is the same as that for treat- 
ment sums of squares in. the analysis of variance 
previously discussed; in this case, levels of X are 
comparable to treatments. First oDmpute the 
sum of the Y's, Ti, for each level of X. For 
X = 1 , Ti = 224, etc. Then compute: 

_ ' . sB! 

ki 



where k, = the number 



f observations for the 



Error _ 


n 


, * ki 




♦Syjpbols refer io quantities of. Table 13 or to 

fined in the text immediately preceding this table. 

■ It. 


sy'fnbols de- 


For. the data of Table 


(12^^, 




Source 


df 


SS I >MS 


F 


Total 

Regression ^ 
Deviations from 


17 

1 ' 


10^587 ' 
1Q439 10,135 


362** 


regressioiT" 
Lack of>fit 
Error \^ 


^ 16 
12 


448 28 
113 ^8 
335 28 


1 n.s. 



♦Significant at thp 0.01 probability level. 
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. (ionship exists, with estimated slope and inter- ' 

cept as computed. 

; ■ • . . ■ . 

7*4 Regression for Bivariate Data J 

As mentioned, where two associated measure- 
ments are taken without restrictions on either, 
^ the data' are called bivariate. Linear regression is 
sometimes used to predict one of the -variables 
by using a value from the other. Because no 
, attempt is usually made to test bivariate datl^for 
. lack of fit, a test for deviation from regression is • 
as far as an analysis of variance table is taken. 
Linearity is assume^. Large deviations from j 
linearity will appear in deviations from regres- 
sion and' cause the FValues that are used to test 
for the significance of regression to appear to be 

* nonsignificant. . 

Computations for the bivariate case exactly 
.follow those for the univariate case [quantities 
(1) to (12) and as illustrated for the univariate 
case, Table 13]. 'The major operating difference 
is that, for bivariate data, the dependent variable 
is chosen as the variable to beT>redicted, wherea3 
for- univariate data, the dependent variable is 
fixed in "advance. For example,\if the bivariate 
data are pairs of observations on^lgal biomass 
and chlorophyll, either could be considered the 
dependent variable. If biomass is being' 
pr^icted, then it is dependent. For the uni- 
variate case, such as for the data of Table* 12,^ 
percent survival is the dependent variable by 
virtue of the nature of the experiment. 

In th^, preceding section, it was seen that X 
and its confidence interval could bp predicted' 
from Y for univariate data (Equations 43", 44, 
, and 45.). But note that Equation (43) is merely 

TABLE 16. TYPES OF 
COMPUTATIONS ACCORDING 
TO VARIABLE PREDICTED AND 
DATATYPE* 



Predicted- 


Bivariate 


Univariate data 


variable ^ 


^ data 


(fixed X's) 


Y 


y - Ri ( X) 


' y^Ri (X) 


X 


x=R:^(Y) 


X = Rr^ (y) 



♦Rf symbolizes -Xfa^ regression using Y as 
dependent variable, Rj a regression cd^mpute'd 
using X as dependent variable, Ri'^ is a^dlge- 
braic rearrangement solving for X when tlje^ 
regression was Ri . 

\ ' ' ' 



an algebr^c rearrangement of the regression of 
Y on X. For the bivariate case, this approach is 
not appropriate. If- a regression of Y on X is 
fitted for bivariate data, and subsequently a pre- *, 
diction of X rather than Y is ^desired, a new 
regression must be computed, pus is a' simple 
task, and all the basic quantities are^tMi^am in 
a set of computations similar to computations in 
Table' 13. A summary of the types of c^imputa- 
tions for univariate and bivariate data is given in 
Table 16. ' • 

< Smce the comput^ons for the bivariate 
regtession of Y on X are the same as those for 
the univariate case, they will not be repeated. 
Where X is to be predicted, all computations 
'proceed simply by interchanging X and Yin the 
rtoiation. The computations for b and a are; 
for the sU)pe: - , : 

\' jSXY-CTxy 



^ SY^ - CTy 
(6) - (12) 



(46), 



(5) - (11) 



' for the intercept: 



. (SX) 
n 

«(2) 



-b 



(SY) 



x.y 



(47)- 



71^ '^^^-y (1) 



(3) 



7.5 Linear Cofrelation ^ 

If a linear relationship is known to exis^ or 
can be assumed, the degree of association of two 
variables can be examined by linear cprrelation 
analysis. The data must be bivariate. . 

The correlation coefficient, r, is-computed by 
/the following: * / 



rxY-CTxy 



V(SX2 - CTjc) (Sy^ - CTy) 



(48) 



A perfect correlation (^11 points falling on a 
straight line with a nonzero slope) is indicated 
' by a correlation' coefficient of, r = 1, or r ==-1. 
The negative value implibs a decreasejin one o{ 
the "vahables^-with an increase in^ the Qther. 
Correlation coefficients of r = 0 implies no(linkar 
relationship between the variables. An^Teal data 
;will result in correlation coefficients^ between 
the extremes. . 
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^ If a .correlation coefficient is computed and is 
of low magnitude, test it to determine whe.ther 
it IS significantly different from zeroVThe test, a 
t-test, is computed as follows: . 



t = 

V(n-2) 



(49). 



The computed t is compared with the tabular t 
with n-2 degrees of freedom and chosen proba- 
bility level. If the pomputed t exceeds the 
tabular t, the null hypothesis that the true corre- 
lation coefficient equals zero is rejected, and the ' 
computed r may be used. 
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1.0 INTRODUCTION 

Plankton are defined here as organisms sus- 
pended in a body of water and because of their 
physical characteristics or size, are^^iijcapable of 
sustained mobility in directions coyiiter to the 
water currents. NTosf of the f)lanktoiis»'e micro- 
scopic and of essentially neutral buoyancy. All 
of them drift with the currents. 

Plankton consists ©f both plants (phytoplank- 
ton) and animals (zooplankton), and complex 
interrelationships e)^^among the various com- 
ponents of, these groups. (Thlorophyll-bearing 
plants such as algae usually constitute the 
greatest portion of the biomass of the plankton. 
Phytoplankton use the energy of sunlight to 
metabolize inorganic nutrients and convert them 
. t(^ complex organic materials. Zooplankton and 
other herbivores graze upon the phytoplankton 
ancl/'in turn, are preyed upon by other organ- 
isms, thus passing the stpred energy along to 
larger and usually ?nore complex organisms. In 
this manner flStrients become available tff large 
organisms si^h as macroinvertebtates and fish. 

. Organic materials excreted by plankton, and 
products of plankton decomposition, provide 
nutrients for heterotroplli^ microorganisms 
/(many of which are also members of the plank- 
ton assemblage)^ The heterotrophs break do^n 
organic matter and^ release inorganic nutrients 
which become available again for use by the 
. "primary producer^" In waters severely pol- 
luted by organic matkr, such as sewage, hetero- 
trophs-may be extremely abundant,- sometimes 
having *a mass exceeding that of the alg^e. As a 
result of heterotrophic metabolism^ high con- 
centrations of inorganic nutrients becoine avail- 
able and massive algal blooms^ay develop. 

Plankton may form the^ base ^qf ■ the food 
pyramid and drift witb^the pollutants; therefore, 
data concerning them may be particularly signif- 
icant to the pollution biologist. Plankton blooms 
often pause extreme fluctuations of the dis- 
solved oxygen content of the water, may be one 
of the causes of tastes and odors in the water 
and, if present in large numbers, are aesthetically 
objectionable. In some cases, plankton may be 
of limited value as indicator organisms because 



the plankton move with the water currents;' 
thus, the origin of the plankton may be obscure 
and the duration of exposure to pollutants may! 
be unknown. 

The quantity df phytoplankton occurring at a 
particular statioii depends upon many factors 
including sampUng depth, time of day, season of 
year, nutrient content of water, and the pres- 
ence of toxic materials. 

2.0 SAMPLE COLLECTION AND PRES- 
ERVATION r 



2.1 General Considerations 

before plankton samples are collected, a study^ *- 
design must be formulated. The objectives must 
be .clearly defined, and the scope of the study 
.must remain within the limitations of available 
manpower, time, and money. Historical, bicjlo- 
gTcal, chemical, and physical (especially hydro- 
logical) data should be examined when planning 

. a study. Examination of biological and chemical 
data often reveals areas th^t ^warrant intensive 
sampling and other areas wJiere beriodic or\ 
seasonal sampling will suffice. .\ ''\ 

p Physical data are extremely useful in the ^ 

/ design of plankton studies; of particular impor- . ' 

\tance are cfata concerning volume of flow^ cur- 
rents, pt^vailing wind .direction, temperature, 
turbidity (light penetration), depths of reservoir 
penstock releases, and estuarine salinity 
"wedges." 

After historical data hay^i^been examined, the 
study site should be visitecf for reconnaissance 
and preliminaiy sampling. Based on the results 
of this reconnaissance and on the preliminary 
plankton data, the survey plan can be modified 
to better fulfill study objectives and to facilitate 
efficient sampling. 



2. J. J Influential factors 

In plaining ancf conducting a plankton survey, 
a number of factors influence . decisions and 
often alter collection roiitines. Since water cur-^ 
r^nts determine -^^Hte^mrections of plankton 
movements, knowing the directions, intensity, 
and complexity of currents in the sampling area 
is important. Some factors that influence cur- 
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rents are winds, flow, solai'-heating, and Jides.- 

Sunlight -influences, both the movements of r 
plankton and priifiary production. Daily vertical 
plankton migAtions are common in many 
waters. Qoud cover, turbidity, and shading (e.g., 
from ice cover and dense growths of vegetation) 
influence the- amount of light available to plank- 
ton. ^ > 

Chemical factors, such as salinity, nutrients, 
\and toxic agents, can profoundly affect plank- 
ton production and survival. ' 

The nutrients most frequently mentioned in 
the literature as stimulators of algal growth -are 
nitro"gen^nd phosphorus; however, a paucity of 
any vital nutrient can limit algal production. The 
third category of chemical factors, toxic agents, 
is almost limitless in its components and com- 
binations of effects. Toxic compounds may be 
synergistic or antagonistic to one another and 
may either kill planktonic organisms or alter 
their life cycles. Many chemicals discharged in 
industrial effluents are toxic to planktqn. ' 

2,L2 Sampling frequency - . , 

The objectives of the study and time and man- 
.powfr limitations dictate the frequency at which 
plankton samples are taken. If it is necessary to 
know the year-rour^ plankton population in a 
body of wa?er, it is necessary to sample weekly 
through .spring and summer -and monthly 
through fall and winter. However, more frequent 
sampling is often necessary. Becausd numerous 
plankton sample^ are usually needed to char- 
acterize the plankton, take daily samples when- 
ever possible. Ideally, collections include one or 
two subsurface samples per day at each river 
sampling station and ' additional samples at 
various depths in lakes, estuaries, and oceans. 

2.1 . 3 Sampling Nations 

In long-term programs, such as ambient trend 
monitoring, sampling should be sufficiently fre- 
quent and widespread to define the nature and 
quantity of all plankton in the body of water 
being studied. In short-term studies designed to 
show the effects of specific pollution sources on 
the planktlt5KC sampUng station .locations and 
sampling depths may be more restricted because 



of limitations in time and manpower. . 

' The physical nature of the water greatly 
inflXiences the selection of sampling sites. On 
small streams, a great deal of planning is not 
usually requir^; here; locate the stations up- 
strqam from a suspected pollution source and as 
far downstream as pollutional effects are ex- 
pected. Take great care, however, in interpreting 
plankton data from small streams, where much 
of the "plankto^ may be derived^ from the 
scouring of periphyton frbm the", streafri bed. 
These attached organisms may have t\een ex- 
posed to pollution at fixed points for unknown 
time periods. On rivers, locate sampling stations, 
both upstream and downstream from polltrtion 
sources and, because lateral mixing often does 
not occur for great distances downstream,' 
sample on both sides of the river. In both rivers 
and streams, care should be taken to accoui^t for 
confusing interferences such as conjtributions of 
plankton from lakes, reservoirs, and backwater, 
areas. Plankton sampling stations in lakes, reser- 
voirs, estuaries, and the oceans are generally 
located in grid networks or along longitudinal 
transects. ' ^ 

The location^ magnitude, and temperature of 
pollutional discharges affect their dispersal, 
dilution, and effects on the plankton. Pollutants 
discharged from various sources may be antag- 
onistic, synergistic, or additive in their effects on 
plankton.CV possible, locale sampUng stations in 
such a manner as to separate these effects. 

0 In choosing sampling station locations, 
include areas from w^rich plankton have been 
collected in^ the past: Contemporary plankton 
data can then be comgared' with historicaj^Jata, 
thus documenting lon^^Stfrrpolfutional effects. 

-2.1.4 Sampling depth , 

The waters of streams and rivers are generally 
well mixed, and subsurface sampling is suffi^ 
cient. Sample in the main channel and avoid 
backwater areas. In lakes and reservoirs where 
plankton composition and density may vary 
with depth,* take samples from several depths. 
The depth at the station and the depth of the 
thermocline (or sometimes the euphotic ione) 
generally determines aimpUng depths. In shallow 
areas (2 to 3 meters? 5 to 10 feet), subsurface 
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sampling is usually sufficient. In deeper areas, 
take samples at regular intervals with depth. If 
only phytoplanktQn are to be examined^ samples 
may be taken at three depths, evenly spaced 
from the surface to the thermocline. When col- 
lecting zooplankton, however; sample at 1- 
meter intervals from the surface . to the lake 
bottom. ^ 

Because many factors influence the nature 
and distribution of plankton in estuaries, ih-^ 
tensive sampling is necessary. Here, marine and 
freshwater plankton may bei found along with 
brackish-water organisms that are neither strictly 
marip nor strictly freshwater inhabitants. In 
addition to the influences of the thermocline 
and light penetration on pltokton depth distri- 
bution, the layerlrilg of waters of different sa- 
linities may inhibit tiie complete mixing of 
freshwater plankton with marine forms. In 
estuaries ^»iiitL.QXtx&^ dimensions of 

these layers may change considerably during the - 
course of ,the tidal cycle. However, the natural 
buoyancy of the plankton generally faciUtates 
the mixing of forms. Estuarine plankton should 
be^sampled at regiilar intervals from the surface 
to the botfom three or four times during one or 
more tidal cycles. 

In deep marine waters or lakes, collect plank- 
- ton" samples at 3- to 6-meter intervals through- 
out the euphotic zonfe (it is-neither practical nor 
profitable to sample the entire water coluhin in 
very deep waters). The limits of sampling depth 
in these waters may be an arbitrary depth below 
the thermocline or the euphotic zone, or both. 
Perform tow of net sampling at 90° to the wind 
direction."""' 

2.L5 Field notes 

Keep a record book containing all information 
written on the ' sample label, plus pertinent 
additional notes. These additional notes may 
include, but need not be restricted to: ' 

• Weather information - especially di- 
rection and intensity of wind 

• Qoud cover 

• Water surface condition — smooth? Is 
plankton clumping at surface? 

• Water color and turbidity 



Total depth at station 

• A list of all types of 'Samples taken at 
station. 

• General descriptive information (e.g., 
direction, distance, and description of 
effluents , in the vicinity). SampUng 
stations should be plotted on a map. 

2 J. 6 Sample labelling 

Both lab^fls and marker should be water proof 
(a soft-le^ pencil is recommended). Insert the 
labels into sample containers immediately as 
plankton samples are collected. Record the 
following information on all labels: 

• Location . 
name of river, lake, etc. 

distance and direction to nearest city 
state and county 

river mile, latitude, and longitude, or 
other description >^ 

• Date and time 

• Depth . ^ ^ 

• Type of sample (e.g., grab, vertical plank- 
ton net haul, etc) 

• Sample volume, tow length 

• Preservatives used and concentration 

• Name of collector ' ^ — — — 

2.2 Phytoplankton 

2.2J Sampling equipment 

The type of samping equipment used is highly 
dependent upon wher^Wd how the sample is 
being taken (i.e., from a small lake, large deep 
lake, small stream, large stream, from the shore, 
from a bridge, from a small boat, or from a large 
boat) and how it is to be used. 

The cylindrical type of sampler with stoppers 
that leave, the ends open to allow free passage of^. 
water through the cyUnder while it's being 
lowered is recommended. A messenger is re- 
leased at the desired depth to close the stoppers 
in the ends. The Kejnmerer, Juday, and Van 
Dorn samplers have such a design and can be 
^btained in a, variety of sizes and materials. Use 
only nonmetallic samplers when metal analysis, 
algal assays, or primary productivity measure- 
ments ar^ being performed. In shallow waters 
and ^vhen surface samples are desired, the 
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sampler can be held in a horizontal position and 
operated manually. For sampling in deep waters,' 
the Nansen reversing water bottle is often used 
and a boat equippid with a winch is desirable. 
Take caution when sampling from bridges vfith a 
Kenimerer type water bottle; if the messej/ger is 
dropped frorfi the* height of a bridge, it can^ 
hatter and. destroy the triggering device. To^ 
avoid this, support a messenger a^w feet above 
the sampler by an attached string and drop it 
when the sampler is in place. 

Net collection of phytoplankton is hot 
recommended for quantitative work. Nanno- 
plankton and even larger algae, such as some 
pennate diatoms, are thin enough to pass 
through the meshes of the net if oriented 
properly. Using a pump also presents problems: 
when the water is stratified, the tubing must be 
flushed between samplings and delicate algae 
may be harnigj^. - , ^ 

2.2.2 Sample voliijme , 

No fixed rule can be followed concerning the 
volume of sample to be taken - sampling per- 
sonnel must use their own judgment. The vol- 
ume of the sample ne^jjjpB'*. depends on the 
numbers and kinds of analyses to be carried out, 
e.g., cell counts, chlorophyll, dry weight. When 
phytoplankton densities are les^t than 500 per 
ml, approximately 6 liters of sample are requirec} 
for Sftdgwick-Rafter and diatom species pro- 
portional counts. In mosi cases, a 1- to 2-liter 
sample will suffice for m(ye productive waters. 

2.2.3 Sampjp preservation 

Biologists use a variety of preservatives, and 
each has advantages. If samples are to be stored 
for more than 1 year, the preferred preservative 
is formalin (40 percent formaldehyde =100 pefv 
cent formalin), which has been neutralized with 
sodium tetraborate (pH 7.0 to 7.3). Five milli- 
liters! of the neutralized formalin are added for 
each 100 ml of sample. This preservative will 
cause many flagellated forms to lose flagella. 
Adding saturated cupric sulfate solution to the 
' preserved -samples maintains the green color of 
phytoplankton samples and aids in distin- 
guishing phytoplankton from detritus. One milli- 
liter of the saturated solution per liter of sample 
is adequate. Adding. detqrgent solution prevents 



clumping of settled prganisms. One part of 
surgical detergent to five parts of water makes a 
convenient stock, solution. Add 5 ml of stock 
solution per liter of sample. Do not use deter- 

'gent when dig^tbrn -slides are to be. made. ^ 

Merthiolate is less desirable as a preservative,' 
but offers the advantage of staining cell parts 

, and simplifying identification. It also causes : 
some of the algae, such as blue-greens, to lose 
gas fi;om their vacuoles and, therefore, enhances 
settUng. Samples preserved with merthiolate are 
not sterile, and should not be stored for more 
than 1 year. After that time formalin should be 

. used. Merthiolate solution is prepared by dis- 
solving the following in 1 liter of distilled water. 

. • 1.0 gram of merthiolate (sodium ethyl- 
mercury thiosalicylate). 
• 1.0 ml of ikqifeous saturated iodine- 
potassium jodide solution prepared by 
dissolving 40 grams of iodii\e and 60 
grams of potassiiirn-iodide in 1 iiter of 
distilled water. 

1.5 gram of Borax (sodium borate) 

Dissolve each of the components separately in 
approximately 300 ml of distilled water, torn- 
bine, and make up to 1 liter with distilled wateV. . 
Add the resulting stock solution to samples to 
give a final concentration (V/V) of 36 mg/liter 
(i.e., 37.3*ml added to 1 liter of ^ample). 

2.3 Zooplankton 

2.3.1 Sampling equipment ^ 

Zooplankton analyses require Jarger samples 
than those needed for phytoplankton analyses. 
Collect quantitative samples jvith a messenger- 
operated \frater bottle, plankton trap, or metered 
plankton net. Obtain semi-quantitative samples 
by filtering surface water samples through nylon 
netting or by towing an unmetered plankton net 
through the water. In moderately- and highly 
productive waters, a 6-liter water sample is 
usually sufficient. In oligo.trophic, estuarine and 
coastal waters, remove zooplankters from styeral 
hundred liters of the waters being sampled with 
the use of towed ntets. Take duplicate samples if 
chemical analyses are desired. 
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Several sampling methods can be used. , 

' . ' w . . • 

To^ng 1 

An outboard motor boat fitted with a smaD 
davit, meter wheel, wire-angle indicator, and 
hand-operated winch is desirable. A 3- to 5- kg 
weight attached to the line is used to sink the 
net. Maintain speed to ensure a wire angle near 
60° for easy calculation of the actual sampling 
depth of the net. The actual sampling depth 



water, allow to dry, and lubricate all moving 
parts, with Ught machine oil. Qean nylon netting 
material thoroughly, rinse with clean water, and 
allow to dry (out of direct sunlight) before 
storing. 

2.3.2 Sample volume 

The sample volume varies with the specific 
purpose of the ^ study. Twenty-liter surface 
samples obtained by bucket and filtered through 



equals the amount of wire extended times the/H^ No. 20 net are large enough to obtain an 



cosine of the wire angle. 

Oblique tow-Make, an 8-minute tow at four 
levels in the water. column (2 minutes at each 
level:, just above the- bottom, 1/3 total depth, 
2/3 total depth, and just below the surface) to 
estimate zooplankton abundance. 

Horizontal tow-Take samples for estimating 
zooplankton distribution and abundance within 
a particular layer, of water with a messenger- 
operated^ net equipped with a flow-through 
measuring . varte (such as the Clarke-Bumpus 
sampler). Each tow lasts from 5 to 8 minutes. 

Vertical tow— Lower a weighted net to the 
desired depth, record the amount of line ex- 
tended, and retrieve at a rate of 0.5 to 1.0 
meters per second. The volume of water strained 
can 'be , estimated. DupUcate vertical tows are 
suggested at each station. 

To sample most sizes of zobplankters, two 
nets of different mesh size can be attached a 
short distance apart on the same line. 

Net casting . 

Zooplankton can also be sampled from shore 
by casting a weighted net as far^ as possible, 
allowing the net to reach depth, and hauling to 
shore at the rate of 0.5 to 1.0 meters per second. 
T^ke several samples to obtain a qualitative 
estimate of relative abundance and species 
present. 

Suggested net sizes are: No. 6 (0.239 mm 
aperture) for adult copepods in estuarine and 
coastal waters; No. 10 (0.158 mm) for cope- 
podites in saUne water or microcrustacea in fresh 
water; and No. 20 (0.076 mm) for rotifers and 
nauplii. The No. 20 net clogs easily with phy- 
toplanktpn because of its small aperture size. 

Rinse messenger-operated samplers with clean , 



estimate of zooplankton present in flowing 
streams and ponds. In lakes, large rivers, estu- 
aries and coastal waters, filter 1.5 m^ (horizon- 
tal tow) to 5 m^ (obUque tow) of water through 
nets for adequate representation of species pres- 
^ent. • 

2. 3, 3 Sample preserva tion ■ *' 

For identification and enumeration, preserve 
grab samples in a final concentration of 5 per- 
cent neutral (add sodium tetraborate to obtain a 
pH of 7.0 to 7.3) formalin. Adding either 70 , 
percent ethanol or 5^ Percent neutral formalin, 
each with 5 percent glycem (glycerol) added, to 
preserve the concentrated net samples. Formalin 
- is usually used for pr^erving samples obtained 
from coastal waters. iX detritus-laden samples, 
add 0.04 percent Rose\ Bengal stain to help 
differentiate zooplanktera from plant matejrial. 

For chemical analysis Otakeri, in part, from 
Recommended ProceduresV for Measuring the 
Productivity of Plankton Siding Stock and 
Related Oceanic. Properties, Vlational Academy 
of Sciences, Washington, D.Q 1960), the con- 
centrated sample is placed in a fine-meshed 
(bolting silk or nylon) bag, drained of excess 
water, placed in a plastic bag, and frozen, for 
laboratory processing. If the sample is taken 
from an estuarine or coastal station, the nylon 
bag is dipped several times ii^'idistilled water to 
remove the chloride from interstitial seawater 
which can interfere with carbbn analysis. 

3.0 SAMPLE PREPARATION 

3.1 Phytoplankton 

^As the phytoplankton density decreases, the 
amount of concentration must be increased and, 
accordingly, larger sample volumes are required. 
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-As a rule of thumb, concentrate samples- when 
phytoplankton densities are belo\V<500 per ml; 
approximately 6 liters of sample are required at 
that cell concentration. Generally,| 1 liter is an 
adequate routine sample volume. 

The foUowing three methods may be used for 
concentrating preserved phytpplahkton, but 
sedimentation is preferred, 

3.1.1 Sedimentation 

Preserved phytoplankton samples can often be 
settled in the original storage containers. Settling 
time is directly related to the depth of ihe 
sample in the bottle or settling tube. On the 
average, allow 4 hours per 10 mm of depth. 
After settling, siphon off the supernatant 
(Figure 1) or decant through a side drain. The 
use of a detergent aids in settling. Exercise 
caution because of the different sedimentation 
rates of the diverse sizes and shapes of phyto- 
plankton. 

3.1 2 Centrifugatibn 

During centrifugation, some of the more 
fragile forms may be destroyed o^ flagella may 
become detached. In using plankton centrifuges, 
many of the ceUs may be, lost; modem 
continuous-flow centrifuges avoid this. 

3.1.3 Filtration 

To concentrate samples by filtration, pass 
through a membrane filter. A special filter 
apparatus and a vacuum source are required. 
Samples containing large amounts of suspended 
material (othef than phytoplankton) are 
difficult to enumerate by this method, because 
the suspended matter tends to crush the phyto- 
plankters or obscure them from view. The 
vacuum should not exceed 0.5 atmospheres. 
^Concentration by filtration is particularly useful 
for samples low in planIpQn.and silt contents 

3.2%Zooplankton - 

The zooplankton in grab samples are con- 
centrated prior to counting by allowing them to 
settle for 24 hours in lat^ratory cylinders of 
appropriate size or in specially constructed 
settling tubes (Figure 1). 




' Figure 1. Plexiglas plankton settling tube with 
side drain and detachable cup. Not 
drawn to scale. 

- »/ 

« 

Take care to recover organisms (especially the 
Qadocera) that cling to the surface of the water 
in the settling tube. 

4.0 SAMPLE ANALYSIS ^ 

4.1 Phytoplankton 

\ 

4. 1. 1 Qualitati^ analysis of phytoplankton 

The optical equipment needed includes a good 
quality compound binocular microscope with a 
mechanical stage. For high magnification, a sub- 
stage condenser , is jequired. The^^cular lens 
should be 8X to IJR. Binocular eyfcpiep^s are 
' generally preferred over a monocular ey©pii?ce 
because of reduced fatigue. Four turret-mounted 
objective lenses should be provided with mag^ 
nifi(^tions of approximately 10, 20, 45, and 
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lOOX. When combined with the oculars, the 
following characteristics are approximately 
correct. - 

-i- 



Objective 
lens 


Ocular 
. Iens« 


•Subject 
magnification 


Maximum working 
distance between 
- objective and 
cover slip, mm 


Depth of 
focus, /i 


lOX 


lOX 


lOOX 


7 




20X 


lOX 


200X 


, 1.3, 


2 - 


45X 




• '450X 


0.5-0.7 


,1 


lOOX 


lOX 


lOOOX 


0.2 


0.4 



An initial examination is needed because most 
phytoplankton samples ^yill .contain a diverse 
assemblage of organismis. Carry out the identi- 
fication, to species whenever possible. Because 
the size range, of the individual organisms may 
extend over several orders of magnitude,, no 
single magnificat|on is completely satisfactory 
for identification. For the initial examination, 
place one or two drops of a concentrate on a 
glass slide and cover with a. No. 1 or No. 1-1/2 
cover slip. Use the 1 OX objective to examine the 
entire area und^er the cover slip and record all 
identifiable organisms. Then examine with the 
20 and 45X objectives. Some very small or- 
ganisms may require the use of the lOOX 
objective (oil immersion) for identification. The 
initial examination helps to obtain an estimate 
of population density and may indicate the need 
for subsequent dilution or concentration of the 



tween **live" cells, i.e., those that contain any 
part of a protoplast, and empty frustules or 
shells. 

The availability of ^axonomic bench refdr-- 
ences and the skill of the biologist will govern 
the sophistication of/identification efforts. No 
single referencpe is x^ for all 

phyl^oplankton. Sor^e general references that 
should be available are listed below. Those 
marked wifh.^n asterisk are considered essential. . 

American Public Health Association, 1971. Standard methods 

for the examination of water and wastewater. 13th edition. 

Washington, D.C. 
Bourrelly, P. 1966-1968. Les algues d'eau douce. 1966. Tome 

Mil, Boubee&Cie,Patis. 
Fott, B. 1959, Algenkunde. Gustav Fischer, Jena. (2nd revised 

edition, 1970.) 

Prescott, G. W. 1954. How to know^ the fresh-water algae. W. C. 

Brown Company, Dubuque. (2nd edition, 1964.) 
♦Prescott, G. W.^ 1962. Algae of the Western Great Lakes Area. 

(2nd edition), W. C. Brown, Dubuque. - ' 

♦Smith, G. M. 1950. The freshwater algae of the United State§. 
(2ndedition),McGraw-HiU Book Co., New, York, . 

Ward, H. B., and G. C. Whipple. 1965, Fresh-wdtiij', biology. 2nd 
edition edited by W. T. gdmonson. John Wile)jlind Sons, New 
York. 1. ^ 

♦Weber, C. I. 1966. A guide to the common diatoms at water 
'pollution -surveillance system stations. .USDI, FWPCA, Cin- 
cinnati. 

ij 

'West, G. S., and F. E. Fritsch: 1927.NA Ueatise on the British 
freshwater algae. Cambridge Un>v. Pitess. (Reprinted 1967; J. 
Cramer, Lehre; Wheldon ^^St-Wesley, Ltd.; and Stecherthafner, 
^ Inc., New York.) 

Specialized r^erences that may be required 
*for exact identification, within certain taxo- 
nomic groups include 



sample*, to recognize characteristics of small \prant, K., and C. Apstein. 1964. Nordisches plankton. A. Asher 



forms hot obvious during, the routine counting 
procedurerand to decide if more than one type 
of counting procedure must be used. 

When identifying phytoplankton, it is useful 
to e^^mine freshV unpreserved samples. Pres- 
ervation may cause some forms to become dis- 
torted, ft^e flagella, or* be lost together. These 
can be determined by a comparison between 
fresh and preserved samples. ^ 

A/ the sample is examined under the micro- 
scope,, identify the phytoplankton and tally 
under the following categories: coccoid blue- 
green, filamentous blue-green, coccoid greer)^, 
filamentous green, green flagellates, other pig- 
mented flagellates, centric diatoms, and pennate 
diatoms. In tallying diatoms, distinguish hor, 



& Co., Amsterdam. (Reprint of the 1908 publication published 
by Verlag von Lipsius & Tischer, Kiel arrA Leipzig.) " 

Cleve-Euler, A. 1968. Die diatomeen von Schweden und Finn- 
land, I-V. Bibiiotheca Phycologica, Band 5"", J. Cramer, Lehre, 
Germany. 

Cupp, E. 1943. Marine plankton \iiatoms of the west coast of ^ 
. North America. Bull. Scripps Inst. "Ooeanogr., Univi Calif., 
5:1-238. ' ' ( 

Curl, H 1959. The phytoplankton of Apalachee 'Bay and the 
Northwestern Gulf of Mexfco. Univ. Texas Inst. Marine Sci., 
VoL 6, 277-320. , 

♦Drouet, F. 1968. Revision of the classification, of the Osciila- 
toriaceae. Acad: Natural Sci., Philadelphia. 

♦Drouet, F*, and W. A. Daily. 1956. Revision of the coccoid 
Myxophyceae. Butler Univ. Bot. Stud. XII., Indianapolis. 

Fott, B. 1969. < Studies in phycology. E. Schweizerbart'sche 
Verlagsbuchhandlung (Nagele u. Obermiller), Stuttgart, Ger- 
many. ^ 
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♦Fritsch, F^ E. 1956. The structure and reproduction of the 
algae. Volumes I and II. Cambridge University Press. ^ 

Gedtler/L. 1^32. Cyanophyceae. In: Rabehnorst's Kryp toga- 
men-Flora, 14:1-1096. Akademische Verlagsgeselhchaft 
m.b.H,,' Leipzig. (Available from Johnson Reprint Corp., New 
York.) / 

Glezer, Z. I. 1966. Cryptogamic plants of the U.S.S.R., volume 
Vll: Silioflagellatophyceae. Moscow. (English Transl. Jerusa- 
lem, 1970) (Available from A. Ash^r & Co.; Amsterdam.) 

Pran, H: H., and E. C. Angst. 1930. Plankton diatoms of Puget 
^ound. l^nsv. Washington, Seattle. 

/endey, N; I. 4964. An introductory account of the smaller 
algae of British coastal waters. Part V: Baccilariophyceae (Dia- 
toms). Fisheries Invest. (London), Series IV. <- . 

Huber-Pestalozzi, G., and F. Hustedt. 1942. Die Kieselalgen. In; 

^A. Thicnemann (ed.). Das Phytoplankton des Susswassers, Die 
Btnnen^v/asser„ Band XVI,' Teil II, Halfte II. E. Schweizer- 
bart'sche Verlagsbuch-handlung, Stuttgart. (Ste chert. New 
York, reprinted 1962.) 

♦Hustedt, F. 1930. Die Kieselalgen. In: L* Rabenhorst (ed.), 
Kryptogamen-Flora von Dcutschland, Osterreich, und der 
Schweiz. Band Vii. Akademische Verlagsgesellschaft m.b.h., 
Leipzig- (Johnson Reprint Co., New York.) 

♦Hustedt, F. 1930. Bacillariophyta. In: A Pascher (ed.). Die 
Suswasser-Flora Mitteliuropas, Heft 10. Gustav Fischer, Jena. 
(University Microfilms, Ann Arbor, Xerox.) 

Hustedt, F. 1955. Marine littoral diatoms of 3eaufcfrt, North 
Carolina. Duke Univ. Mar. Sta. Bull. No. 6. Duke Univ.^Press, 
, Durham, N. C, 67 pp. • 

Irenee-Marie, F: 1938. Flore Dcsmidiale de la region de Mojv 

treal. Laprairie, Canada. ' » - < 

♦Patrick, R., and C. W. Reimer. 1966. The diatoms of the United 
. States. VoL I. Academy of Nktura^Sciences, Philadelphia. 

'Tiffany, L. H., and M. E. Britton. 1952. The algae of Illinois. 
Reprinted in 197^1 by Hafner Publishing Co., New York. 

Tilden, J. 1910. Minnesota algae, Vbl. I. The Myxophyceae of 
North America and adjacent regions including Central America, 
Greenland, Bermuda, the West Indies and Hawaii. Univ. 

^Minnesota. (First and unique volume) (Reprinted, 1969, in 
Bibliotheca Phycologica, 4, J. Cramer, Lehre, Germany.) 



4.L2 Quantitative analysis of pftyioplankton 

To calibrate th^ microscope, the ocular must 
be^^ equipped with a Whipple grid-type micro- 
meter. The exact magnification with any set of 
oculars varies, and therefore, each combination 
of oculars-^and objectives must be calibrated by ^ 
matching the ocular micrometer against a stage 
micrometer. Detail^ of. the procedure are given . 
in Standard Methods, 13th Edition.^ - 

When counting and identifying- phyto- 
. plankton, analysts will find that samples from 
most natural waters seldom need dilution or 
concentration and that they can be enumerated 



directly. In those samples 'where algal concen- 
trations are extreme, or where silt or detritus 
may interfere, carefully dilute a 10-ml portion 
of the samf)le"5 to 10 times ;with distilled water. 
In sainples with very low populations, it may be 
necessary to concentrate organisms to minimize 
statistical counting errors. The analyst should 
recognize, however, that manipulations involved 
in dilution and concentration may introduce ' 

Among the various taxa are forms tRatlive as/ 
solitary cells, ^ as components of natural groups 
or aggregates (colonies), or as both. AUhou^ 
every cell, whether solitary or in a group; can be\ 
individually tallied, this procedure is difficult, 
time consuming, and seldom worth the effort. 
The unit or clump count is easier and faster and \ 
is the system used commonly within this * 
Agency. In this ffi-ocedure, all .unicellular or 
colonial (multi-cellular) orgartisms are tallied as 
"Single units aqd have equal numerical weight on 
the* bench sheet. 

The apparatus and t^hniques used in^' 
counting phytoplankton are described here. 

Sedgwick-Rafter (S-R) Counting Chamber 

The S-R cell is 50 mm long by -20 mm wide by 
1 mm deep; thus^ the total area of the bottopi of ) 
the cell is 1000 mm^ and ihe total volume is 
1 000 mm^ or one mk Check the volume of each 
counting chamber with a vernier caliper and'^^ 
micrometer. -Because the depth of the^ chamber 
normally prjecludes the use' of the 45X or lOOX ' 
objectives, the 20X objective is generally used. 
However, special long-working-distance, higher- 
power obj^tives can be obtained. 

For the procedure, see Standard Methods, 
I'Sth Edition. Place a 24 by 60 mm. No. 1 cover- 
glass diagonally across the cell, and with a large- 
bore pipet or eyedropper, quickly 'transfer a 1-ml 
aliquot of well-mixed sample into the open 
corner of the dhamber. The sample should be di- 
rected diagon^y across the bottom of the cell. 
Usually, the cover slip will rotate into place as 
the cell is filled. AUovv the S-R cell to stand for * 
at least 1 5 minutes to permit settling. Because . 
some iOrganisms, netably blue-green algae, may 
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float, examine the underside of the cover slip and 
adfl these organism^ to the totar count. Lower 
the objective lens carefully into position with 
the coarse focus adjustment to ensure that the 
cover sUp will not be broken. Fine focus should 
always be upjfrom the caver sUp. 

When making the strip count, examine two to 
four "strifes" the length of the cell, depending 
upon the jlensity of organisms. Enumerate' all 
forms that are totally or partially covered by the 
image of the Whipple grid. 

When making the field count, examine a 
minimum of 10 random Whippier fields in; at^^ 
leasf two identically prepared S-R ceils. Be sure 
to adopt a' consistent system^ of counting organ- 
isms that lie only partially .within the grid or 
that touch one of the edges. . ' 

To calculate; tjtie concentration of organisms 

with the S-R cell, for the strip count: - 

V . . ^ • 

X 1000 mm3 

where: ^ \ 

C =^ number of organisms counted (tally) 
L = length of each strip (S-R cell length), mm 
P = depth of a strijp (S-R cell depth), mm 
W= width of . a 1sitrip| (Whipple grid image 



width), nxm 



S= number of strips coiln ted 



To calculate, the concenti^on of organisms 
with the field count: 



No. per ml 



. C X 1000 mm? 
A XD X F 



where: 

C = actual count of organisms-<tally) 

A= area of a field (Whipple grid image area), 

mm^ . 
D = depth of a field (S-R cell depth), mm 
F = i|{umber of fields counted 

Multiply or divide the number of cells per 
miUiliier by a correction f<)ctor for dilution 
(incluQing that resulting from the preservative) 
or for concentration. 



Palrfier-Maloney (P-M) Nannoplankton Cell 

* The P-M cell was especially designed for 
enumerating nannoplankton with a high-dry 
objective (45 X). It has a circular chamber 17.9 
mm in/ diameter and 0.4 mm deep, with a ^ 
volume of 0.1 ml. Although useful for exam- 
ining samples containing a high percentage of 
nannoplankton, more counts may be requ^edito 
obtain a valid estimate of the larger^ but less 
numerous, organisms present. Do not use this 
cell for routine counting unless the samples TiavF"^ 
high counts. 

Pipet an aliquot of well-mixed sample into 
one of the ^2 X 5 mm channels on either side of 
the circular chamber with the coveij^lip in place. 
After 10 minutes, examine the sample under the 
high-dry objective and count at leas;t'20 Whipple 
fields. 

To calculate the conc^tration of organisms: 



No. per ml 



: CX 1000 mm3 
A X D X F 



where: . , \ 

C =r number of organisms counted (tally) 
A = area of a field (Whipple grid image), mm^ 
D.= depth of a field (P-M^cell depth), mm ^ ' 
F = number of fields counted 

"f! Bacterial Counting Cells and Hemocytometers 

The counting cells in this gi'oup are precisely- 
"^machined glas^sHdes with a finely ruled grid on 
a counting* plate and specially-fitted ground 
cover slip'. The coujiting plate proper is sepa- 
rated from the cover slip mounts by parallel 
trenches on opposite sides. The grid is ruled such 
that squares as small as 1/20 mm (50 /x) to a side 
are formed within a larger 1-mm square. With 
the cover slip, in place, the depth'in ai^Petroff- 
Hausser cell is 1/-50 mm (20/x) and in the 
hemocytometer 1/10 mm (100/x)- An optical 
micrometer is not used. 

With a pipet or^nedidne dropper, introduce a 
sample to the cell anp at high magnification 
identify and count all the forms that fall within 
the gridded arqa of the cell. ^ J 

To calculate Jhe number of organisms p* 
milljliter, multiply all the or^anism& found in the 
gridded area of the cell /by the . appropriate 
factor. For example, the/multipUcation factor 
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for the "^Petroff-Hausser bacterial counting cell is 
based on the volume over the entire grid. The 
dimensions are I nlm X 1 mm X 1/50 mm,, 
which gives a volume of 1/50 mm^ and a factor 
of 50,000. < / 

Carefully follow the manufacturer's instruc- 
tions that come with the chamber ^hen 
purchased. Do not attempt routine counta? until 
experienced in its use and the statistical vahdity 
of \ the results are satisfactory. The primary 
disadvantage of this type of counting cell is the 
extremely limited capacity, which results in ^ 

•large multiplication factor. Densities as high as 
50,000 cells/ml are seldom found in natural 
waters except during blooms. Such populations 

vra'ay4>e found in sewage stabilization ponds or in 
laboratory cultures. 

For statistical purposes, a normal sample must 

*be either concentrated or a large number of . 

•mounts per sample should be examined. 

Membrane Filter * ' 

Ac special filtration apparatus and vacuum 
source are required, and a I-inch, 0.45/i mem-, 
brane filter is us^d. 

Pass a known volume of; the water sample 
through the membrane filter under a vacuum of 
0.5^ atmospheres. (Note: in coastal and marine 
'Waters, rinse with distilled water to remove salt.) 
:AlIow the filter to dry at room temperature fqf^ 
5 minutes, and place it on top of two drops of 
immersion oil on a microscopev.slide. Place two 
drops of oil on top of the filter and allow it to 
dry clear (approximately 48 hours) at room 
temperature, cdver with a cover slip, and^ 
enumerate the organisms. The occurrence of 
each species in 30 random fields is recorded. 

Experience is ^required to determine the 
proper amount of^ water to be filtered. Signifi-^ 
cant amounts of suspended matter may obscure 
or mish the organisrns. 

Calculate the ofiginal concentration in the 
sample as a function of ' a conversion factor 
obtained fr6m a prepared table, the number of 
' quadrates or fields per filter, the amount of^ 
sample filtered, arid^the dilution , factor. (See 
Standard Methods, iSxh Edition.) 



Inverted Microscope 

This instrument differs from the conventional 
microscope in that the objectives are . mounted - 
below the stage and the illumination comes from 
above. This design allows cylindrical counting 
chambers (which may also be sedimentation 
tubes) with thin clear glasa*ottoms to be placed 
on the stage and sedimemed plankton to be 
examined from below, and it permits the use of 
short focus, high- magnification objecti>jes^ 
including oil immersion. A ^yide range of con- 
centrations is automatically obtained by merely* 
altering the height of the chamber. Chambers 
can be easily and inexpensively made: use tubu- 
lar Plexiglas for large capacity chamber^, and 
•flat, plastic plates of various thicknesses, which 
have been carefully bored out to the desired 

dimension, for smaller chambers; then cement a 
No. 1 or No. 1-1/2 cdver slip to form the^cell 
bottom. ^ Precision-made, all-glass counting 
chambers in a wide variety of diin^nsions are 
also available. The counting technique differs 
little, ^om the S-R procedure, and either the 
•strip or- separate field'counts can be used. The 
Whipple eyepiece micrometeiys also used. 

Transfer a sample into the desired counting 
chamber (p^ur with the large chambers, or pipet 
with 2-ml or smaller chambers), fill to the point 
of 6verflow, and apply a glass cover slip. Set t 
chamber aside and keep at room temperature 
until Sedimentation is complete. On the average, 
allow 4 hours per 10 mm of height. After a suit- 
able period .of settling, place the chamber on the 
microscope stage and examine with the use of 
the 20 X, 45X, or lOOX oil immersion lens. 

jCount at least two strips perpendicul^ to each 
other over the bottom of the chamber an^d aver- 
agev^the values. Alternatively, random field 
counts can be made; the number depends on the 
density^ of organisms found. a general rule, 
count a minimifin of 100 of the most abundant 
species.* At higher magnification, count -more' 
fields than under lower power. 

Whea a 25.2 mih diameter counting chamber 
is used (the most convenient size), the conversion 
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of counted numbers per ml is quite simple: 

M I / * • *^ C X 1000 mm3 

where: V 

C = number of organisms counted (tally) 

L = length of a strip, mm 

W= width^ of a strip (Whipple grid image 

width), mm . - 

D= depth of chamber, mm . 
S iinamber of strips counted 



No. per ml (field count) = 



C X 1000 mm^ 
A XD X F 



where: . - ( ^ 

C = jiumber of organisms counted (tally) 

A = area of a field (Whipple grid image area). 



mm 



2 ■ 



D = depth of chamber, mm 
F = number of fields counted 

Diatom Analysis ' 

Study objectives often require specific identi- , 
ficatioh'' of diatoms and information about the 
relative abundance of each species. Since the 
taxonomy of this group is based on frustule 
characteristics, low-power magnification is 
seldom sufficient, and permanent diatom 
mounts are prepared and examined under oil 
immersion. 

To concentrate the diatoms, centrifuge 100 
ml of thoroughly mixed, sample for 20 minutes 
at lOftO and decant the supernatant with a 
suction tube. Pour the concentrated sample into 
a disposable vial, and allow to stand at least 24 
hours before further processing. Remove the 
supernatant water from ^the vial with a suction 
tube. If the water contains moft than 1 gm of 
dissolved solids per liter (as in the case of 
brackish water or marine samples), salt crystals 

^form* when the sample dries and obscure the 
diatoms on the' finished^ slides. In this case, 
reduce the concentration df salts by refilling the^ 
vial with distilled water, resuspending the. plank- 
ton, and allowing the vial to stand 24 hours J 
before reinoying the supernatant Uquid. Repe^^ 
the dilution several times if necessary. . 

If the plankton counts are less than 1000 per 
ml, concentrate the diatoms from a larger 
volume of sample (1 to 5 liters) by. allowing 
them to settle out. Exercise caution in using this 

^ ■ 
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method, however, .to eriSure quantitative 
removal of cells smaller than, 10 microns in 
diameter. 

Thoroughly mix the plankton concentrate in a 
vial with a disposable pipet, and^dpliver sevciul 
drops to a No. 1, circular 18-mm coverglass. Dry 
the samples on a hotplate at 9 5*^0. -(Caution: 
* overheating may cause- splattering and cross- 
contamination of samples.) When dry, exariiine 
the coverglasses to determine if there is suffi- 
cient material for a diatom count. If not, repeat 
the previous steps one or two more times, 
depending upon the density of the sedimented 
sample. Then heat the samples on a heavy-duty 
hotplate 30 minutes, at approximately SIO^C to 
drive off air organic matter. Remove grains pf 
sand or other large objects pn the- cover glass 
with a dissection needle. The oil^ immersion 
objective has^a very small working distance, and 
the sjiide may be unusable if this is not done. 

Label 'the frosted end of a 25- s X 75^rnm 
microscope slike with the sample identification. 
Place the labelled slide on a moderately warm 
hotplate (157°C), piit a drop of Hyrax or 
Apdclor 5442 (melt and use at about ISS'^C) 
mounting nfiedium (Index of Refraction 
1.66-1.82) at the center, and heat the sUde until 
the solvent (xylene, or toluene) has evaporated 
(the solvent is' gone when the Hyrax bi^comes 
hard and bnttle upon cooling). ;\ 

While the coverglass and slide are still hot, 
grasp the coverglass with a .tweezer, inve<^t, and 
place on the drop of Hyrax on a slide. It may be 
necessary to^dd Hyrax at the margin of the 
coverglass. ^nie additional bubbles of^solveYit 
vapor may appear under the coverglass when it is 
placed on the slide. When the bubbling c&ases, 
reijjove the slide from the hotplate and place on 
a tirm, flat surface. Immediately apply slight 
pressure to the coverglass ;With a pencil eraser (or 
similar object), an^ maintain until the Hyrax . 
cools and hardens (about) 5 seconds). Spray a 
protective coating of clear lacquer on the frosted 
end of the slide, and scrape the excess Hyrax 
from around the coverglass.. 

Identify and count the., diatoms at high 
magnification under oil. Exathine random lateral 
strips thd^'width of the Whipple grid, and iden- 
tify and ^ount all diatoms witpin the borders of 
the^grid until 250 cellsX500 halves) are tallied. 
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Ignore small cell Cragmfents. If the ^ide has very 
* few diatoms, limit the analysis to tHe'number of 
Cells encountered in 45 nifnutes of scanning. 
vA^When the, count is. completed, total the tallies 
arid calculate the percentages of the individual 
species. . 

4.2 Zooplankton ^ 

4.2. r Qufilitative analysis of zooplankton 

In the initial - examiliation, remove 'excess 
preservative from the sample with the use of an 
aspirator bulb attached to^a smill pie.ce of glass 
tubing whose 'Orifice is .covered with a piece of 
No. 20 mesh netting. Swirl the sainple, and with 
a large-bore pipet, remove a> portion of the 
suspension and place 2 ml into each section of a 
four-compartment glass culture dish (100 X 15^ 
mm). Examine a total of -8 ml for adult 
Copepoda, Qadocera; and other large forms 
with the use of a binocular dissecting micro- 
scope at a magnification of 20 to 40X. Count 
and identify rotifejrs at a higher magnification 
(lOOX). All animals' should be identified tp 
specfes if possible. For quaUtative analysis of 
Relative frequency i the follawing-classification is 
suggested: 



Species in 
■fields, % 

60 - 100 
3tf.- 60 
5 - 30 
1 - 5 
<1 



Relative 
frequency 

abundant 
^very common , 
common 
occasional 
rare 



The following taxdnomic bench references are 
recommended:. _ 

Caiman, W. T. 1912. The Crustacea of the order Cumacea in t|ie 
collection 'of the United States National Museum. No. 
18^6-Proc. U.S.NatI.Mus. 41:603-676. V / *^ 

Qjien, S. M. \91Q. ^lonella fitzpatricki sp. n. and A. leei sp. n: 
ntw Cladocera from 'Mtssissippiv Trans. Amer. Microsc. Soc. 
8^4): 532,538. 

Conscil Permanent International Pour L*ExpIoration De La Mcr. 
1970. Fiches D*Jdenlification du Zooplankton. Sheets No.*s 
1-133. 

Davis, C. 1949. The pelagic Copepoda of the northeastern 
Pacific Ocean. Univ. Wash. Publ. in Biol. 14:1-188. Urtiv. Wash. 
Press, Seattle. " . , 

Davis, C. 1955. The marine and freshwater Plankton. Mich. State 
Univ. .Press, East Lansing. 



Edmond'SOn, W. T. (ed.). Ward, H. B. artd G. C. Whipple. 1959.' 
Fresh-water biology. John Wiley and Sons, New York, 1248 
PP^ ' ' 

Faber, D. J. and E. J. Jermolajev. 1966. A new cdpepod genus in 
the .plankton of the Great Lakes. Limnol. Oceanogr. ll(2)r 
3.01-303. 

Ferguson, E,, Jr. 1967. New ostracods from the Playa lakes of 
eastern New Mexico and western Texas. Trans. Amer. Microsc. 
Soc. 86(3):244-250. 

Hyman, L. H. 1951. The Invertebrates: Acanthocephala, 
Asch e Im in the s, and Ectoprocta. The pseudpcoelomate 

. Bilateria. Vol. IIL McGraw-Hill, New York,^572 pp. 

Light, 'S. F. 1938. New subgenera and species o^ diaptbmid 
copepods from the inland waters of Califojcniai-and Nevada; 
Univ. Calif. Publ. in Zool. 43(3): 67^78. Univ. fealjif. Press, 
Berkeley. , ' 

*Marsh, C. C. 1933. Synopsis of the calanoid .crustaceans^ exclu- 
sive of the biaptomidae, foifnd in fresh and brackish waters, 
' chieHy of North America. No. 2959, Proc. U. S. Nat. Mus. 82 
(Art. 18): 1-58. ' • 

Pennak, R. W. 1953. Freshwater invertebrates of the United^ 
States. The Roland Press Co., New York. 369 pp. 

Ruber,' -B. 1968. Description of a salt marsh copepod cyclops 
(Apocyclops) spartinus^n. sp. and a comparison with closely 
related species. Trans. Ame^ Microsc Soc. 87(3): 368-375. 

Wilson,.M. S. 1956. North American Harpacticoid copepods.! 

1. Comments on the known fresh .Nyater species of the^ 
_ Canthocamptidae. 

2. Canthocamptus oregonensis n. sp. from 'Oregon and 
California. Trans. Amer.J^iofbsc. Soc. 75 (3): 290-307. 

Wilson, M.S. 1958. The copepod genus Halkyclopi in North 
America, with a description of a new species from Lake Pont- 
chartrain, Louisiana, and the Texas coast. Tulane Studies ZooL 
6(4); 176-189. * .* 

Zimmejr, C. 1936. California Crustacea of the order Cumacea. 
No. 2992. Proc.U. S.NatLMus. 83:423-439. 



4,2.2 Quantitative analysis of^oplahkton 

Pipet Method ' , 

Remove excess liquid using a screened (No. 20 
'mesh net) suction device until a 125- to 250-nil 
sample volume remains. Pour the sampl^intola 
conical C9ntainer graduated in milliliters, and- 
allow the zooplankton to settle for 5 minutes. 
Read the settled volume of zboplanktdn; 
multiply the settled volume by a factor of five 
to obtain the total diluted volume; and acM 
enough water to oBtaih this volume. Insert a 
1-ml Stempel pipet into the water-plankton 
mixture, and stir rapidly witfi the pipet. While 
the mixture is still agitated, withdraw a 1-ml 
subsample from the center of the water mass. 
Transfer thp'subs^niple toa^gridded culture'dish 
(110 X 15mm) with 5-mm squares. Rinse the 
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pipet with distilled water into a culturej^dish to 
remove any adiierentvorganisms. Enumerate 
(about 200 zo^plankters) and identify under a 
dissecting microscope. \ ^ • 

To calculate the^number of plankton with an 
unmetered collecting device: 



■DV 

Total no. =^XTN 



To calculate the number of plankton with a 
metered collecting device :\ " 



TN X DV 
SV 



No. per m3 of water = - 



- where: ' . ^ . \ 

DV = total diluted volume, ml ^ 
SV = total subsample volume, ml * . . - / 
TN = total no. zoo planktels in sai^ple ^ ^ , 
Q = quantity of water strained, 

Counting Chafriber 

' Bring the entire concentrate - (dij an appro- 
priate aliquot) to a volume of 8 mix well, 
tod transfer tp a counting chamber 80 X 50 X 2 
mm (8-ml (Opacity). To fill, use the technique 
previously described for th§^ Sedgwick-Rajfter 
cell. The^ proper degree of sample concentration 
can be determined only by experience. 

Using a coh]ipound microscope -equipped with 
an ocular Whipple grid, enumerate and identify 
tjie rotifejs (to species if possible) in 10 strips 
scanned at a magnification of lOOX (one-fifth of 
the chamber vo^qme). Enumerate the nauplii 
also during the .rotifer count: Count the^ adult 
microcrustacea under 'a binocular dissecting 
microscope at a magnification of 20 to 40X by 
scann^sfjg the entire chamber. Spedes identi- 
ficati6ji bjF^ rotifers and microcrustacea often 
required dissection and examination under a 
compound microscope (secLPennak, 1953). '\ 



When calculating the number Vbf Jitankton, 
determine the volume of the counting chamber 
from its inside dimension^. Cpnvert the tallies to 
organisms per liter, With the use of the following 
relationships: , 



Rotifers per liter 



Microcrustacea per liter = 



. T XC , 
T XG 



SX V 



where: 
T = 
C = 
P = 



s = 



total tally • . 

■ totai volume of sample concentrate, nil 
volume of 10 strips in the Counting 
chamber, ml 

volume of netted or grab sample, liters 
volume of counting chamber, itil , 



5 0 BIOMASS DETERMINATION i 

Because natural ^ planktoji populations are 
composed- of many types,, of organisms _(i.e:, 
plant, animal, and bafcterial), it is dif^cult to 
obtain, quantitative values for each Of the pom- 
pon en t pop ulations. Currently-used indices 
include dry and ash-free weight, cell volume, cell 
surface area, total catboh, tota^ nitrogen, and 
chlorophyll cont^t/ The dry and ash-free 
weight methods yield data that, in elude the par- 
ticulate inorganic materials as well as the plank- 
ton. Cell volume and cell surface area determi- 
nations can be made on individual components ' 
of the population v^d thus yield data on the 
plant, the animal, or 'thS bacteriat volume, dr 
surface area, or both: Chlorophyll determi- 
nations yield data on the phytoplankton. 

^.1 Dty and Ash-Free Weight 

*To reduce the iamouiit of contamination by 
dissolved solids, wash th^ sartipl§ with several 
volumes of distilled 'Water by .centrifiigation or 
settling. After -washing, .concentrate the ^mple 
by centrifugation or settling. If possible, take.^ 
sufficient. sample to provide several adiquots each 
having at leaist 10 nig dry weight. Process at 
least two replicate aliquots foir each sample. 
(Generally,. 10 mg dry weight is equivalent to 
IQO mg wet weight) » ' k 
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5././ Dry weight 

Place the aliquot of concentrated sample in a 
tared porcelain crucible, and dry to a constant 
weight at 105°C (24 hours is usuaH^'sutricient). 
Subtract the weight ot'ci\lcible to obtain the dry 
weight. 

5,L2 Ash- free weight 

After the dry weight/is deterniine<l, place the 
crucible in a muftle furnace at 500°C^ for I hour. 
Cool, rewet the ash with distilled water, and 
bring to constant weight at I05°C. The ash is 
wetted to reintroduce the water of hydration of 
the clay and other minerals that; though not 
driven off at I05°Q is lost at 500°C. This water 
loss often 4mouhts to 10 percent of the weight 
lost during ignition and, if not corrected for, will 
be int(?rpreted as orgimic matter. Subtpct the 
>yeight of crucible and a.sh from tha,^dj:x.^weigh 
to obtain ash-free wtjight. 

5.2 Chlorophyll ^ 

' All algae contain chlorophyll a. and measuring 
this pigment can yield some insight into the 
relative amount of algal standing crop. Certain 
algae also contain chlorophyll and c. Since the 
chlorophyll concentration varies with species and- 
with environmental and nutritional factors that 
do not pecessarily affect the standing crop, 
biomass estimates based 9n chlorophyll rneasure- 
ments are relatively imprecise. Chlorophyll c^n 
be measured //z vivo tluorometrically or'in ace- 
itone extracts (m vitro) by fluorOmetry or 
spectrophotometry'T 

5.2.1 In vitro measurement , » 

The algae differ considerably in the ease of / 
pigment extraction. The diatoms extract easily, - 
whereas the coccoid greens ^extract witlVUlifti- 
culty. Cpmplete extraction'^of pigments ffom all 
t^xonomic groyps, therefore, requires disruption 
of the cells with a tissue grrfider or bleiider, or 
by freezing or drying^ Generally, pigment is 
more difficult to extract from old cells than 
frorri young cells. , 

Concentrate the algae with a laboratory cen- 
trifuge, cfr collect on a membrane filter (0.45"/i 
porosity) or a glass fiber filter (0.45r/i effective 
pore .size).- Jf the analysis will be delayed, dry 



the concentrate and store frozen in a desiccator. 
Keep the stored samples in the dark to avoid 
photochemical breakdown of the chlorophyll. 

Place the .sample in a tissue grinder, cover with 
2 to 3 milliliters of 90 percent aqueous acetone 
(u.se reagent grade ace{one), add a smaU amount 
(0.2 ml) of saturated aqueous solution of magne- 
.sium carbonate and macerate. 

Transfer the sample to a screw-capped cxin- 
trifuge tube, add sufficient 90 |7ercent aqueous 
acetone to bring the volume to 5 mt, and steep 
at 4°C for 24 hours in the dark. Use the solvent 
sparingly, avoiding unnecessary pjgment dilu- 
tibn. Agitate midway ^during- the extrax:tion 
period and again before clarifying. 

To clarify the extract, centrifuge 20 minutes 
at 500 g. Decant the supernatant into a clean, , 
calibrated vessel ( 1 5-ml, screw-capped, cali- 
brated centrifuge tube) and determine the vol- 
umes. Minimize evaporation by keeping the tube 
capped. 

Three procedures for analysis and concen- 
tration calculations are described. 

Trichromatic Method 

Determine the optical density (OD) of the 
extract at 750, 663, 645, aiid 630 nanometers 
(nni) using ^i* .90 percent aqueous acetone blank. 
Dilute the extract or shorten the light path if 
necessary, to bring the OD^^a between 0.50 and 
0.50. The 750 nm reading^is used to correct for 
turbidity. Spectrophotometers ^t^wyng a reso- 
lution of 1 nm or less are prefe/red. Stopper the 
cuvettes to minimize evaporation during the 
time the readings are being made. 

Tha chlorophyll concentrations in the extract 
are determined by inserting the correct<5^ 1-cm 
OD's in the following' equations. (UNESCO 
V966). j 

ll.64De63-^ 2.16D645 + ClODgao 
i:^ = -3.94D663 + 201970645 ~ 3.660^30 ' 
Cc = -5.53D663- 14.81D645 +54.22D63D . 



where Ca, Ci, C^ Jire the concentrations, in 
milligrams per liter, of chlorophyll a, and c, 
respectively, in the extract; and D^ea^ 0^45, 
and D^ao are the 1-crh OD*s at the respective 
wavelengths,' after subtracting thfe 750rnm blank. 



Tlie concentration of piginent in the phyto- 
plankton grab sample is expressed as mg/m^ or 
/Lig/m^ o^ /ug/liter and is calculated as follows: 

- Cfl X volume of extract (liters) 

mg chlorophyll a/m-' =* — ^ r — — r: — 

. volume of grab sample (m^) 

Fluorometric (for chlorophyll a) 

The fluorometric method is much more sensi- . 
tive than the photometric method aod permits 
accurate determination of much flower con- 
centrations of pigment and the ^se of smaller 
sample volumes. Optimum sensitivity is;obtained 
at excitation and ^mission .wavelengths of- 43P 
and 663 nfp, respectively, using a R-136 Iphoto- 
multiplier tube. Fiuorometers employing filters 
should be equipped with Coming CS-5-60 
excitation and CS-2-64 emission filters, or their 
.equivalents. Cahbrate the fluorometej with a 
chlorophyll solution of known concentfation. 

Prepare a chlorophyll extract and determine 
the concentration of chlorophyll a by the 
spectrophotometric method as » previously de- 
scribed. 

Prepare serial dilutions of the extract to 
t)rovide'Qoncentrations of approxinV^tely 0.002, 
0.006, 0.02 and 0.06 mg chlorophyll a per liter 
of extract, so that a minimum of two readings 
are obtained in each sensitivity range of the 
fluorometer (1/3 and 2/3 of full sca^e). With the 
use of these values, derive factors to convert the 
' fluorometer readings in each sensitivity range to 
milligrams of chlorophyll a per liter of extract. 

J, _ Cone, chlorophylls (mg/1) 
^ fluorometer reading 

where Fs is the fluorometric conversion factor 
and s isjhe sensitivity range (door). 

5.2.2 A vivo measurement 

Using fluorescence to determine chlorophylls 
in vivo is much less cumbersome than metkods 
•involving extraction; however, it is reportedly 
considerably less efficient than the extraction 
method and yields ab'out one-tenth as much 
fluorescence per unit weight as the same amount 
in solution. The fluorometer should be" cali- 
brated with a chlorqphyll extract that has been 
analysed with a speotrofluorometer. 
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To determine the chlorophyll a, zero the 
fluorometer with a distilled water blank before 
taking the first sample reading at each sensitivity 
level. . 
• Mix the phytoplankton sample thoroughly to 
ensure a hornogenous suspensioifi of alga^ cells. 
Pour an ahquot of the well-mixed sample into a 
cuvette, dnd read the fluorescence. If the readinjg 
^ (scale deflection) is over 90. units, use a^lower 
: sensitivity setting, e.g., 30X > lOX >3X> IX. 
Conversely, if the reading is less than 15 units, 
increase the sensitivity setting. If the samples fail 
t5 fairin range, dilute accordingly. Record the 
fluorescent units based on a common sensitivity ' 
factor, e.g., a reading 50 at IX equals 1500 at 
30X. 

5.^.3 Pheophy tin Correction 

^Pheophytin is a jiatural degradation product 
of clilorophyll and often occurs in significant 
quantities in pjiytoplankton. Pheophytin a, 
although physiologically inactive, has an absorp- 
tion peak in the same region of the visible 
spectrum as chlorophyll a and can be a source of 
error in chlorophyll determinations. In nature, 
chlorophyll is converted to pheophytin upon the 
loss of magnesium from the porphyrin ring. This 
cor^version can be accomplished in the labora- 
tory by adding acid to tht pigment extract. The 
amount of pheophytin a in the &5ttract can be 
determined by reading the ODg'g^ before iand 
after acidification. Acidification of a solution of 
pure chlor^ophyll a results in a 40 percent re- 
duction in the ODgea, yielding a "before :after" 
OD ratio (663b/663a) of 1.70. .Samples with 
663b/663a ratios of h70 are considered free of 
pheophytin J, and contain algal' populations 
consisting mostly of intact, nondecaying organ- 
isms. ! 

Conversely, samples containing pi^eophytin a 
but not chlorophyll a show no reduction in 
01^6 6 3 Upon acidification, and have a 
663b/663a ratio of 1.0. Samples containing both 
pigments will haVe ratios between 1.0 and 1.7. 

To determine the concentration of pheophy- 
tin a, prepare the extract as previously described 
and determine the ODgea- Add one drop of 
1 N^Cl to the cuvette, mix well, an4 reread the* 
6D7 5 0 and ODfi 6 3 after 30 seconjds. 
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Calculate the chlorophyll a and pheophytin a 
as follows: 

Chlorophyll fl (mg/m^) = 26.7 (663^ ^663^) X E 

VX L 

Phcophytina (mg/m3)>^ 26.7 ( 1.7 X 663^" 663^) X t- 
\ VX L 

where 663^ is the 1-cm corrected 00^53 before 
acidification; 663^ is the OD^^^^ after acidifi- 
cation; E the volume of acetone used for tljc 
extraction (ml); V the volume of water filtered 
(liters); and L the path length of the cuvette 
(cm). 

5.3 Cell Vojume " 

5.3.1 Microscopic (algae and bacteria) 

Concentrate an aHquot of sample by settHng 
or centrifugation, and examine^wet at a lOOOX 
magnification with a microscyipe equipped with 
a calibrated ocular micrometer.' Higher magnifi- 
cation may be necessary for small a|gae and the 
bacteria. Mh^ke optical measurements and 
defhHiune thij , volume of 20 representative 
indiviKlual's or each major sp'ecieis. Determine the 
avera^ volume (cubic microns), and multiply by 
number of organisms per milliliter. 

5.3.2 Displacement (zooplankton) 

Separate sample from preservative by pouring 
. through a piece of No. 20 mesh nylon Bolting 
cloth placed in the- bottom of 9 small glass 
funnel. To hasten evaporation, wash sample with 
a small amount of 50 j^ercent ethanol to remove 
excess interstitial fluid aqd place on a piece of 
filter or blotting paper. Plac^^tbedrained plank- 
ton in a 25-, 50-, or ' 1 00-ml (Spending on 
sample size) graduated cyhnder, and add a 
known voJume of watef froqi a burette. Read 
th§ water level in the graduatpd^ cylinder. The 
difference between the volume of the zooplank- 
ton jilus the ad^Ld water and the volume of the 
water alone is the displacement volume, and, 
therefore, the volume of the total amount of 
zooplaakton in the sample. 

5.4 Cell Surface Area of Phytoplankton 

Measure the dimensions of several represen- 
tative individuals of each major species with a 



microscope. * Assume the cells to be spherical 
cylindri(ial, rectangular, etc., and from the Hnear 
. dimensions, ^compute the average surface ,area 
{y}) per species. Multiply by the number of 
organisms per milliUter (Welch, 1948, lists 
mathematical formulas for computing surface 
area). 

6.0 PHYTOPLANKTON PRODUCTIVITY 

Phytoplankton productivity nieasurements 
indicate the rate of uptake of inorgariic carbon 
by phytoplankton during photosynthesis and are 
useful in determining the effects of pollutants 
and nutrients, on the aquatic community. 

Several -different ijiethods have been used to 
m,easure phytoplankton produptivity. Diurnal 
curve- techniques, involving j)!!* and dissolved 
oxygen measurements, have been used in hatural^ 
•aquatic communities by ^ number of investi- 
gators. Wejtlake, Owens, and Tilling (1969) 
presi^nt an exgellent discussioiTjceibc^ing the 
limitations, advantages,' and disadvantages of 
diurnal curve techniques as applied to non- 
isolated natural communities. The oxygen - 
method of Gaarder and Gran (1927) and the : 
carbon- 14 method of Steeman-Neilson (1952) 
are techniques for measuring in situ phyto- 
plankton productivity. Tailing and Fogg (1959) ' 
discussed the relationship between the oxygen 
and carb6n-14 methods, and the limitations of 
both methods. A nuitiber of physiological 
factors mu^t be considered in fhe interpretation 
of the carbon- 14 method ^or measurement of 
phytoplankton productivity. Specialized appli- 
cations of the carbon- 14 method include bio-'^V 
assay of nutrient limiting factors and measure- 
ment of the potential for algal growth. 

The carbon-14 method'' arid the' oxygen 
method have the widest use,^nd the fbllowirig 
procedures are presented for the in situ field, 
measurement of inorganic carbon uptake by 
these^methods. 

6.1 Oj^ygen Method 

General direction/rfor the oxygen method are- 
found in: Standard Methods for the Exami- 
nation of Water and Wastewater, 13th Edition, 
pp. 738-739 and 750-751. 
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Specific modifications and additions for 
apparatus, procedures, and calculations are: 

Apparatus - Rinse the acid-cleaned sample 
bottles with the water being tested prior to use. 

Procedure - Obtain a profile of the input .of 
solar radiation for the photoperiod with a 
pyrhcliometer. Incubate the samples at least 2 
hours, but never longer than to that point where 
oxygen-gas bubbles are formed in the clear 
bottles or dissolved oxygen is depleted in the 
dark bottles. • • 

Calculations - Using solar radiation profile 
and photosynthetic rate during the incubation 
period, adjttst the data to represent phyto- 
plankton ^ productivity for the entire photo- 
period, 

6.2 Carbpn-i 4 Method 

General directions for' the carbon-14 method 
I are found im Standard Methods for the Exami- 
nation of WMer and Wastewater, '13th Edition, 
pp. 739-74 l^Sid 751-752. 

Specific modifications and additions for 
apparatus, procedures, and calculations are Hsted 
below: . ' ' 

7.0 REFERENGES ^ ' 



Apparat\is - A fuming chamber is not re- 
quired. Use the methods of Strickland and 
Parsons (196^8) to prepare ampoules containing a' 
carbonate solution of the activity desired. 

Procedure - The carbon-14 concentration in 
thaJiltered sample should yield the number of 
' counts required for statistical significance; 
Strickland and Parsons suggest a minimum of; 
1,000 counts per minute. Obtain a profile of the 
input of solar radiation for the pliotoperiod mth 
a pyroheliometer. 'Incubate up to 4 hours; if 
measurements are required for the entire photo- 
period, overlap 4-hour periofls.from dawn until 

dusk (e.g.; 0600-1 QOO, 0800-1200, , 

1400-1800, 1600-2000), A' 4-hour incubation 
. period may be sufficient^ however, provided 
energy input is used as the basis for integrating 
the incubation perioji into the entire phato- 
periqd. To di'y.and store the filters, placeV^he 
membranes in a desiccator for 12 hours following 
filtratio/n. Fuming with HCl is not redjjjired, and 
dried filters may be stored indefinite!?^ 

Calculations - Using solar radiation profile and 
photosynthetic rates during the incubation 
period, adjust data to represent ph'y to plankton 
productivity for the entire photoperiod. 
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1.0 INTRODUCTION 

Periphytpn is an assemblage of a wide variety 
of organisms that grow on underwater substrates 
and includes but is not limited to, bacteria, 
yeasts and molds, algae, protozoa, and forms 
that may. develop large colonies such as sponges 
and corals. AH organisms within the community 
are not necessarily attached but some may bur- 
row pr live within tha cqpimuiiity structure of 
the attached forms. 

V Literally translated, periphyton means 
*/around plants," such as organisms overgrowing 
pond weeds, but through widespread usage, the 
terijj has become associated with communities 
of microorganisms growing on substrates of any 
nature. Aufwuchs (Seligo, 1905), the German 
noun for this community, does not have an 
equivalent English translation, but essentially 
means growing on and around things. Other 
terms that are essentially synonymous with 
periphyton or describe important or predomi- 
nant components of the periphytic community 
are: nereiden, bewuchs, laison, belag, besatz, 
attached, sessile, sessile-attached, sedentary, 
seeded-on, attached materials, sUmes, slime 
growths, and coatings. Some of these terms are 
rarely encountered in the literature. Terminology 
based on the nature of the substrate is as 
follows: 

Substrate Adjective 

various epiholitic, nereiditic, sessile 

plants epiphytic 

animals epizooic 

wood- epidendri^ic, epixylonic 

rock epilithic 
Most above-listed Latin-root^ Tdj^tives are 
derivatives of nouns such as epiholaJfepiphyton, 
epizoa, etc. (After Srahieck-Husel^, 1946 ^ 
Sladeckova, 1962). 

Periphyton. was recognized as an importanf 
component of Aquatic communities before the 
beginning of the 20th century, and the study of 
periphyton was initiated in Europe in the early 
1900's. Kolkwitz and Marsson in two articles 



(1908 and 1909) made wide use of "components 
in this community in the development of the - 
saprobic' system of water quaUty classification. 
This s>)^'stem has been continued arid developed 
in Middle and Eastern Europe (Srameck-Husek, 
1946; Butcher, 1932; 1940,-1$46; Sladeckoya, 
1962; Sladecek and Sladeckova, 1964; Fjerding- 
stad, 1950, 1964, 1965). ; 

The study of pteriphylon was introduced in 
the United States in the 1^20's arid expanded in 
the 1930's. The use of the community 4ias 
grown steadily and rapidly in water quaUty in- 
vestigations (Blum, 1956; Cooke, 1956;Tatrick, 
1957; Cairns, etal., 1968). ' 

The periphyton and plankton are the principal 
primary producers in waterways — they convert 
nutrients to -organic living materials and store 
light energy through the processes of photo- 
synthesis. In extensive deep waters, the plankton 
are tprobably the predominant primary pro- 
ducers. In shallow lakes, ponds, and rivers, the 
periphyton are the predominant primary pro- 
ducers. ^ 

Periphyton is the basis of the trickling filter 
^stem form of secondary sewage treatment. It 
is the film of growths covering the substrate in 
the filter that consumes nutrients, micro-rsolids, 
and bacteria from the primary treated sewage 
passing through the filter. As these growths ac- \ 
cumulate, they eventually sliugh from the sub- 
strate, pass through the fSkefr, and are captured ^ 
in the Cifial clarifier; thus, they change chejnical 
and biological materials to a solid that can 
be removed with the physical process of--: 
settling.' Excellent ^tudies and reports on this^. 
process have been published by Wisniev^feRi 
( 1 948), Cooke ( 1 959), and Holtje ( 1943)7 

The periphyton commupity is an excelleat 
^inJh/:ator of water quality. Changes may range . 
from subtle alteration of species composition to; 
extremely dramatic results, such as when tl^C' 
addition of organic wastes to waters suppoftinj^ , 
a community of predominately diatom §rb\yths 
result in their replacement by extensive slime 
'colonies; cornposed .predominately of bacteria 
such as Sphaerofilus or Leptomitus and vorticeKj 
lid protopans. . . ^ --^ -v; 
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. Excessive growth stimujatei^ w by increased 
nutrients can result in^ large, filamentous 
streamers that- are estheticallVs^unpleasing and 
interfere with suclj/ water uses ^as swimming, 
wading, fishing, and boating, and Can also affect 
the quality of the- overlying , water. Photo- 
synthesis and respiration can affect alkalinity 
; (U. S. FWPCA,'i.967) and dissolved oxygen con- 
centrations (O'Connell and Thomas, 196'5) of 
lakes and ^reams. Metabolic byproducts 
released to the overlying water may impart 
tastes and odors to drinking waters drawn from ; 
the^strtJam or lake, a widespread problem V 
throughout the United States (Lackey, 1950; 
Silvey, 1966; Safferman, et al., 1967).' Large 
clumpis of growth may break from the site *of 
attachment and eventually settle to form accu- 
mulations of decomposing, organic, sludge-like 
materials. 

Periphyton have proven useful in reconnais- 
sance surveys, water quality monitoring studies, 
short-term investigations, research and develop- 
ment, and enforcement studies. The investiga- 
tion; objectives dictate the nature, approach, and 
methodology- of sampling the periphyton com- 
munity. Factors to be considered are the time 
and duration of the study and the characteristics 
of the waterway. 

Sladeckova (1962) published, an extensive 
review of methodology used in investigating this 
community. 

2.0 SAMPLE COLLECTION AND PRESER- 
VATION 

2.1 Qualitative Sampling 

Time limitations often prohibit the use of 
artificial substrate samplers for quantitative col- 
lection, and thus necessitate qualitative sampling 
from natural substrates. Periphyton usually 
appear as brown, brownish-green, orj green 
growths on the substrate. In standing or flowing 
water^ periphyton may be qualitatively collected 
by -scraping the surfaces of several different 
rocks and logs With a pocket knife or some other 
sharp object. This manner of collecting may also 
be used as a quantitative method if accurate 
measurements are made of the sampled areas. 
When sampling this way, limit collections to 
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littoral areas in (lakes and shallow or riffle areas 
in flowmg water where the greatest number and 
variety of organisms are found. Combine the 
scrapings to a volume of 5 to 10 ml for a 'suf- 
ficient sample. In lakes and streams wherq long 
strands of filamentous algae occur, weighfthe ' 
sample. ' ' ' / 

After scjaping has b^en completed", store the 
material in bottles containing 5 percent forma- 
lin. If the material is for chlorophyll analysis, do 
not preserve. Store at 4°C in thejiark in 100 ml 
of 90 percefxt aqueous acetone, lllse bottle caps 
with a cone-shaped polyethylene seal to prevent 
evaporation. 

2.2 Quantitative Sampling 

The^standqrd (plain, 25 X 75 mm) glass micro- 
scope slide is the most suitable artificial iuh- 
strate for quantitative sampling. If less fragile 
material is prefer^d, strips of Plexiglas may be 
used in place of glas^ slides. 

Devices for exfjiDsing the substrata can be 
modified to sui'Ta par^ticular situation, keeping 
in mind that the depth of exposure must be coiT- 
sistant for .all sampling sites. In large rivers or 
lakes, a floating sampler (APHA,- 1971) is 
advantageous when turbidities are high and ^e 
substrates must be exposed near the surface.^ 
small, shallow streams or littoral areas of lakes 
^here turbidity is not a critical factor, substrates 
may be exposed in sever^ Ways. Twq possible 
methods are: (a) attiSch tfe substrates with 
PLASTIC TAK adhesive to bricks or flat rocks 
in the stream bed, or (b) anchor Plexiglas racks 
to the bottom to hold the substrates. In areas 
, where siltation is a problem, hold the substrates^ 
in a vertical position to avoid^a covering of silt. 
If desired, another set of horizontally-exposed 
substrates could be used to demonstrate the 
effects of siltation on the periphyton com- 
munity. ^ 

the number of substrates to be exposed at 
each sampling site depends on the type and ' 
number of analyses to be performed. Because of 
unexpected fluctuadpns in water Jevels, cur- 
rents, wave action, a:nd the threat of vandalism, 
duplicate samplers should be used. A minimum 
of four replicate substrates should be taken for 
each type of analysis. ^ - 



The length pf exposure depends upon many 
..factors, including the survey time schedule, 
growth 'patterns, which are 'seasonal, and pre- 
vailing hydrologic conditions. On the /assump- 
tion that periphy ton growth rate on clean sub- 
s^trates proceeds exponentiall>; for 1 or 2 week^ 
and then gradually declines, the op^mum ex- 
posure period is 2 to 4 weeks. / 

3.0 sample; PREPARATION AND ANALYSIS 

3.1 Sampl^reparation. ^ 

Sample preparation varies according to the 
method of analysis; see the 13th edition of^ 
Standard Methods, Section 602-3 ,(^PHA, 
1971).. 

3.2 Sample Analysis ^ S 

3,2.1 Identification ^ 

-In addition to the taxonomifc references listed 
in the Plankton Section, the following bench, 
references are essential for day-to-day periphy- 
ton identification. 

Aig^e ' ' ^ 

Desikachary, T. W, 1956, Cyanophyta. Indian Counc. Agric. 

Res.,Sjew Delhi. " , • 

Fairdi» M. 196*J^ monograph of the fresh water species of 

Cladophbra and Rhizoclonium, Ph.D. Thesis, Univ. Kansas 
' (available in Xerox from University Microfilms, Ann Arbor). 
Islah» A. K., and M. Nurul. 1963. Revision of the genus Stigeo- 

clonium. Nova Hedwigia» Suppl. 10. J. Cramer, Weinheim^ 

Germany. yf' 
Rananthan, K..^. 1964. Ulotrichales. Ifidian Couhe. Agricr-Rjis., 

New Delhi. ''^ " . 
Randhlawa, M.S. 1959. Zygnemaceae. Indian Co.unc. Agricr. Res., 

New Delhi. <^ 
Tiffany, L. H. 1937. Oedogoniales, Oedogoniaceae. In: North 

'American Flora, 4 1(1):1-102. N. Y. Bof. Garden, HafnerPubl. 

New York. 

Fungi ' . 

Cooke, W. Bridge. 1963. A laboratory guide to fungi in polluted 
waters, .sewage, and sewage treatment systems. USDHEW, 
USPHS, bwSPC, Cincinnati. 

Protozoa • 

Bick» H. 1967-69. An illustrated guide to ciliated protozerS 
(used as biological indicators in freshwater ecology). Parts 1-9. . 
World Hlth. Organ., Geneva, Switzerland. 

KiMo, R. R. 1963. Protozoology. Charles Thomas, Publ., Spring- 
field, lU.. 
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tifers . . ' • 

Donner, J. 1966. Rotifers. Butler and Taqner, Ltd., London. 
Edmundson, W. T. \^9. FreshWater biology. Jdhn Wiley' and 
Sons, New Yprk. - 

Pennak,K. Wt 1953. -Freshwater invertebrates of the United 
States, fc^nald Press, New York. V 



Microcriistacea 



Edmondson, W. T. (see above). 
Pennak, R. W. (see above). 

^3.2.2 Counts and enumeration 

SedgNyick-Rafter Method 

Shake vigorously to mix the sample, transfer 1* 
ml to a Sedgwick-Raftef cell, and make strip 
counts, as described in the Plankton Section^ 
except that a cell count is made oiall organisms. 
If the material is too concentrated for a direct 
coUrife dilute a 1-ml aliquot with 4/ltil of dis- 
tillecflvater; further dilution may^be necessary. 
Even after vigorous shaking, the scrapings may 
contain large clumps of cells. These clumps can 
result in ^ an uneven distribution of material in 
the counting chamber that could seriously affect 
the accuracy of the^count. Should this gbndition 
occur, ^tir 50 ml of the sampfe (or a proper 
dilution) in a blender for I rninute and reex- 
amine. Repeat if necessary. Caution: Some 
colonial brganisms cannot'be identified in a frag- 
mented condition. Therefore, the sample must 
be examined before being blended. 
' The quantitative determination of orgajjisms^ 
on a substrate can then be expressed as: 



No. cells/mm 
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number of cells counted (tally) 

sample volume, ml 

dilution factor 

length of a strip, mm , 

width of a scrip (Whipple grid image 

width), mm 

depth of a strip (S-R cell depth), mm 
number of strips (punted 
.area of substrate scraped, mm^ 
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Diatom Species jPreportionaf^qunt 

' Before preparing the diatom slides, use an* 
oxidizing agent to digest the gelatinous stalks, 
and other extracellular organic materials causing 
cell clumping. Before the oxidant is adde4, 
however, centrifuge or settle the sample to. re- < 

; move the formalin. ^ 

If centrifugation is preferred, transfer the 
sample to ^a conical tube and centrifuge 10 
minutes at 1000 X G. Decant the formalin, re- 
suspend the sample in 10 ml of distilled water, 
and recentrifuge. Decant, take up the sample in 
8. ml of 5 percent potassium (or ammonium) 
persulfate, and transfer back to the (rinsed) 
sample vial. ^ ' 

If the settling n^ethod is preferred, follow the ^ 
instructions givon in ^ the t^lanktoh Section for > 
removing salt from the diatom concentrate, but 
add persulfate or hydrogen peroxjde insteati of 
distilled .water. After the formalin is replaced by 
the oxidant, heat the sample to 95°C for 30 
minutes (do not bpil). Cool, remove the oxidant 
by centrifugation or sQttlihg, and take up the 
diatoms in 2 to 3 ml of distilled water. Proceed 
with the preparation of the permanent diatom^ 
mount as described in me Plankton Section.. 
Label the slide with the station location and 
inclusive sample dates. Carry out the diatom 
strip count as described in the Plankton Section, 

^except that separated, individual valves (half cell 
waUs) are^ tallied as such, and the tally is divided 
by two to .obtain cell numbers. ^ 1 



3.2.3 Biomass 



Ceir Volume 



See the Plankton Section. 

■ Dry and Ash-free Weight ' / 
See the Planktoh Section. 

Centrifugation, Sedimentation and Displaceme rTt 

/Centrifugation. Place sample in graduated, 
centrifuge tube and centrifuge for 20 minutes at 
1000 X G. Relate the volume in milliliters to ti 
area sannpled. 

Sedimentation. Place sample in ^ graduate 
cylinder and allow ^&amp^e to settle at least 
hours* Relate the volume in milliliters to tlie 
areajsampled. ^ . v 



(fflf Displacement. Use displacement for large 
grdwths of periphyton when excess waiter can be 
<^ readily removed. Once the excess water is re- 
moved, proceed as per Plankton Section; how- 
ever,, do not pour sample through a No. 20 
mesh, nylon bolting cloth. 



Chlorophyll 



The chlorophyll content of the periphyton is 
used to ^timate the algal biomass and as an 
indicatai/of the nutrient content (or trophic 
^ statu^ or toxicity of th^ water and the taxo- 
' nomic composition of the community.' Periphy- 
ton ^growing in surface water relatively free of ^ 
organic pollution consists largely of algae, which 
; contain approximately 1 to- 2 percent chlorb- 
phytt-a->by dry. weight. If dissolved or particulate 
organic matter is present in high concentrations, 
Urge populations, of filamentous bacteria, 
'stalked protozoa, and other nonchloropljyll ^ 
bearing microorganisms develop and the percent- 
ag^e of chlorophyll a }s then reduced. If the 
biomass— chlorophyll a relationship is e^cpressed 
as a ratio (the autotrophic index), values greater \ 
than 100 may result from organic pollution 
(Weber and McFarland,. 1969; Welper, 1 973). 



Autotrophic Index 



Ash-fpee Wgt (mg/m^) 
Chlorophyll a (mg/m^) 




To obtain information/ on th^ f>hysiological 
conditiop^ (or health) of the algal periphyton, 
measure the amount of^h^^ophytin a, a physio- 
logically inactive, degradation producF of chloro- 
phyll a. This degradation product has an absorp- 
tion peak at nearly the same y/avelengthais chlo- 
rophyll a and,|under severe environmental condi- ^ 
tions, may be resppns'ible for mostjf i|pt all of 
th^ X^Dj^^ ^in the acetone extract, the presence 
of reJativelM large founts' ofpheophytin a is an 
abnormal ^condition indicating water quality ^ 
deCTgdatipn. (See^the PJankton Section.) 

no extract chlorophyll, grind and steep the 
periph^;JXDn in 90 percent aqueous acetone (s^ 
:on Section). Because of the*norm'al sea-; 
sonal succession of the. algae, the taxonomic 
composition and the efficiency of extraction by 
steeping change continually during the year/ 
Althoogh mechanical or other cell disruption 

may not increase the recovery of pigment from ' 

. ? ■ ' - % 1. - * 



^ 



PEklPHYTON 



trembly sensitive to photodecomposition a.nd. 

lose /more than 50 percent of their , optical 
^^actiyity if e^eposed to dire9t suflli^ht..for only 5„ 
- minu^les. Therefore, samples placed in acetone in 
ytlie field must be, protected firgiu more tl^an 

mora^ntary exposure to direc 
^ l^ould^vyt^^Q^ placed, im^^ediaj^* in the' darl! 

SaiY>ples not placed in ' acetone in the fiel^ 
\ should be iced until processed. If -Samples a1 
^not to ,be processed- oh the day cbllected, hov 
, ever, they should be frozen and held at'-'20°C 
For the chlorophyll analysis, see the Plankton 

Section,. ! ' ' ^ 



'every saniple, routine grinding will significantly^ 
increase (10* percent or more)- the average re- 
covery of chlorophyll from/ samples collected' 
.over a period of several. months. WTierfe gl^ss 
slides are used as substrates, place the individual 
slides bearing the periphyton directly iil separate 
small bottles (containing 100 j'ml) .of acfejorie 
when removed ,f^oni the. sampler. ^' Similarly, 
place; periphyton removed from, other' artitJcial 
or natural substtates in the field immediately in 
^ 90 percent aqueous acetone. (Samples should be " 
macerated, however, when retufned to the lab.)^- 

Acetone soluttons' of chjorophyll are W , ^ ' ^ ' . 
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1.0 INTRODUCTION^ ) ^ 

Macrophytes are all aquatic plants ppssessing a 
multi-cellular structure with cells differentiated 
into specialized tissues. Included are the mosses, 
liverworts, and flowering pla'nts. Their sizes 
range from the near microscopic watermeal id. 
massive cypress trees. The most commonly dealt 
with forms are the herbaceous water plants. 

Macrophyton may be conveniently divided 
into three majoi^growth types: 

Floating. These plants have true leaves and 
^ roots and float on the water surface (duckweed, 
watermeal, water hyacinth). 

Submerged. These plants are anchored to the 
substratum by roots and may be entirely sub- 
mersed or have floating leaves and aerial repro- 
ductive structures (water milfoil, eel grass, pond- 
weeds, bladderwort). 
* Emersed. These plants are rooted in shallow 
water and some species occur along moist shore 
lines. The two major groups are: 

Floating leafed plants (water lilies and water 
shields). 

Plants with upright shoots (cattails, sedges, 
woody shrubs, rice and trees. 

The use of macrophytes in water quality 
in vesf iga tions has been sorely neglected. 
Kolkwitz and Marsson (-1908) used some species 
4n their saprobic sj^tem of water quality classifi- 
cation,' but they are rarely mentioned in most 
literature. A number of pollutants have drama^tic 
effects on macrophyte growth: 

Turbidity restricting light penetration c;in 
prevent the^growth of submerged weeds.. 

Nutrients can stimulate overproduction of 
jnacrophytes in numbers sufficient to, create 
nuisances or can stimulate excessive plankton 
growths that effect an increase in turbidities, 
thus eliminating miicrophy te groNvths. 

tferbicidal compounds, if present at sublerthal 
concentrations^ can stifnulate excessive growths 
or they can, at higher concentratfons, destroy 
plant growths. 

Organic or inorganic nutrients, or both, can 
support periphytic algal and slime growths 
sufficient to smother and thus destroy sub- 
mersed forms. 



Sludge deposits, especially those undergoing 
rapid decomposition, usuajly are too unstable or 
loxic to permit the growth of rooted plants. 

The rampari'fgcj^wth of some, macrophytes ha? 
caused cqncem over recent years (Holm et al. 
1969).' Millions of dollars are spent each year in ? 
controlling macrophytes that x interfere viiith 
irrigation operation, navigation, and related 
recreational uses. Mechanical cutting, applica- 
tion of herbicides, and habitat alteration are the 
primary control methods. Mackenthun and 
Ingram (1967) and Mackenthun (|1969) have re- 
*viewed and summarized control techniques. 

Yount and Grossman ( 1970) Snd Boyd (1970) 
discussed schemes for using macrophytes to re- 
move nutrients from effluents and natural 
waters. C' 

'Aquatic macrophytes are a natural component 
of most aquatid ecosystems, and are present in 
those areas suitable for macrophyte growth, 
unless the habitat is ^^Itered'. Furthermore, the 
proper proportions of^acrophytes are ecologi- 
cally desirable (Wilson, 1939; Hotchkiss, 1941; 
Penfound, 1956; Boyd, 1971). Boya (1970, 
1971) introduced concepts of macrophyte 
management opposed to ,the current idea of 
eradicating aquatic macrophytes from many 
aquatic ecosystems. Much additional research is 
needed on the role of macrophytes in aquatic 
ecosystems. 

The objective of an investigation dictates the 
nature and methodology of sampling macro- 
phytes. Critical factors are the time available, 7 
how critical the information is, expertise avail- 
able, duration of the study, and characteristics 
of the waterway. 

Techniques are few, and the investigator's best 
asset is his capability Cor innovating sound 
procedures. * ^ 

2.0 SAMPLE COLLECTION AND ANALYSIS 

Collecting representative genera from the 
macrophyton community is generally not diffi- 
cult 'because of their large size and littoral habi- 
tats. Macrophytes may bcreadily identified to 
genera and some to .species in the field, or they 
^ay be dried in a plant press and mounted for 
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further identification. 5mall, delicate species 
may be preserved in buff^ed 4 percent formalin 
solution. S(Ome of the ^ore^ useful taxonomic 
works for identification are Mjienscher (1944), 
Eyles and' Robertson ( 1 944),- F^tt (1960) and 
Winterringer and Lopinot ( 1 966), 

2.1 Qualitative Sampling 

Qualitative sampling includes visual observa- 
tion and collection of representative types from 
the study area. Report the extent of growth as 
dense when coverage is continuous^ morfem/e 
when growths are common, and sparse when the 
growth is rarely encountered. The crop of plants 
may be comprised of just one genus or may be a 
mixture i if a mixture, estimate the percentage of 
individual types. ^ " 

Sampling gear is varied arid^ the choice of tools 
usually depends on water depth. In shallow 
water, a garden rake or similar device is very 
effective for collecting macrpphytes. In deeper 
water, employ grabs, such as the Ekman, to 
collect submersed types. . In recent years, scuba 
diving has gained popularity with many investi- 
gators in extensive plant surveys. Phillips (1959^ 
provides detailed information on qualitative 
sampling. ^ " 

2.2 Quantitative Sampling 

Quantitative sampling, for Unacrophytes is 
usually ib determine thh extent or rate of ' 
growth or weight of growth per unit of area; The 
study objectives determine whether measure- 
ments will involve a single species or several. 

Before beginning a quantitative investigation, 
devetop^^ a statistical design to assist in deter- 
mining the best sampling procedure, sampling 
area size, and numbei^of samples. Often proce- 




dures adapted from terrestrial plant surveys are 
applicable in the aquatic environment. The 
foUowing references be helpful in adopting a 
suitable technique: Penfound, 1956; Westlake, 
1966; Boyd, 1969; Forsberg, 1959, 1960; 
Edwards and Owens, 1960; Jervis, 1969; Black- 
.bum, et al.,^68. 

Startding crop. Sampling should be limited to 
small, defined subareas (quadrates) With conspic- 
uous/ borders. Use a square framework with the 
poles anchored on the bottom and floating line 
for the sides.- Collect the^riaAts from within the 
frame by hand or by using a'^long-handled garden 
rake. Forsberg (1959) has described other 
methods such as laying out ^ong, narrow 
transects. 

Obtain the^ wet weight of material after the 
plants have drained for a standard period or 
time, determined by the investigator. DiV the 
samples (or subsamples for large species> tfor 24 
hours at 105°C and reweigh. Calculate th\ dry 
weight of vegetation per unit area. 

Planimeter accurate maps to determine the 
total area of investigation. If additional boat or 
air reconnaissance (using photographs) is done 
to determine type and extent of coverage, data 
collected from the subareas can then be ex- 
panded for the total study area. Boyd (J969) 
describes a technique for obtaining surface 
coverage by macSpphytes in a small body of 
watef. 

Productivity . .1^si\mditQ standing crops at pit- 
determined intervals to relate growth rates to' 
pollution, such asiiutrient stimulation, retarda- 
tion, or toxicity from, heavy metals and thermal 
effects. Wetzel (1964) and Davies (1970) 
d^cribe a more accurate method with the use of 
a carbon- 14 procedure to estimate daily produc- 
tivity rates of macropTiytes. 
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1.0 INTRODUCTION 

The aquatic macroinvertebrates, as discussed 
in this section, are animals thai are large enough 
to be seen by the unaided eye and can b^ 
retainec^ by a U. »S. Standard No. 30 sieve (28 
nieshes per inch, 0.595'mm openings) and live at 
least part of their life cycles within or upon 
available substrates in a. body of water or water 
transport system. 

Any available substrate may provide suitable 
habitat irfduding bottgijn sediments, submerged 
logs, debris, pilings, pipes, * conduits, vascular 
aquatic plants, filamentous algae, etc. . . r 

The major taxonomic groups included in fresh 
watervare the insects, annelids, mollxiscs, flat- 
worms, roundworms, and' crustaceans.'- The 
major groups in saM water are the molluscs, 
annelids, crustaceans, coelenterates, porifera, 
and bryozoans. ^ . ^ ^ 

Benthic macroinvertebrates cah be defined by 
location and size but not by position in the 
trophic structure since-they occupy virtually all 
levels. They ifiay be omnivorSs, carnivores, or 
herbivores; and in a well-balamced system, all. 
three types will likely -be preseM. They include 
deposit and detritus feeders', parasites,- 
scavengers, grazers, aiid j^edators. 

Species present, distrSfbution, and abundance 
of aquaticTmacroinvertebFaftes may be sujpject to 
w?de seasonal VariJtioris. Thus, when conducting . 
comparative studies, the investigator must be 
quite careful ^^Tavoid the confounding effects of 
these seasohaf changes. Seasonal variation^ are 
particularly .important- , in fresh-wateT ' habitats 
dominated by aqqatic msects h^i^ing several life 
stages, not all of which are aquatic. / 

The '/macroinvertebrates arc important 
mertiblrs of the food web, and their well-being is 
reflecte'dMn the well-being of the higher forms 
.such as fish: Many* invertebrates, such ;is the 
marine and frosh-waler'shellfish, are important 
commercial and' recreational species. Some, such 
as mosquitos," black flj^^, biting midges7"ancr 
Asiatic clams*; are of considerable pul)Uc^health 
significance or are simple pests;-and many forms 
^are imp^tant* for digesting organic material and 
r-ccycling nutrients. 



A community of macroinvertebrates in an 
aquatic ecosystem is vecy sensitive to stress, arnd 
thus its characteristics serve as a useful tool for 
detectirig environrr^pntal perturbations resulting 
from introduced contaminants.- Because of the 
limited mobility of benthic 'organisms and their 
relatively long jife span, their characteristics are 
a function of (Conditions during the recent past, 
including reactions to infrequently discharged 
wastes that would be diffitult to detect' by 
periodic chemical sampling. 

Also, because of tl>e' phenomenon of 
"biological magnification" and relatively long- 
term retention of contaminants /hy benthic 
organisms, contarninants such as pesticides, 
radioactive materials, and metals,j^t^^^re only 
peri6dically discharged or whicn ar^--present at 
undetectable leyel\ in-^ the water, may. be 
detected' by chemica analyses of selected com- 
ponents of the mHcr®invertebrate fauna. 

In pollutioii-orig/ted sidles of macroinverte- 
brate communities, there are basicall)^ two 
approaches— quantitative and qualitativdUthat 
may be utilized singly or - in combiffAtion. 
Because of the basic nature of this decision, the 
section of this manual relaxing to sampling 
methods and data evaluation of macroinverte- 
hrates is* arranged on the .basis of whether ^ 
quantitative or qualitative api)roach is use,d^ \ 
Ideally, the design of' macroihvertebrate 
^studies should be based .upon s4u4y' goalr or 
objectives; however, the ideal muyt frequently 
be tempered by the realities Qf avaifeb^ 
resources, time limitations imposed on the 
study, arid the characteristics of the habitat to 
be studied. To aid in selecting the most, 
advajita'geous sampling method, Sample sites,, 
and ^data "^valuation, the reader of this section 
should be familiar with tjie ' materiaPin the 
"Introduction" o|^ this manual, particularly 
those portions outlming and- discussing required, 
roents of the various types of field ^tudies/.in^ 
wlrrch an]investiga?for may become involved. 

To supplement the material comairiec^iTrthis 
manual, a nufnber of bafifc references should bel 
available to investigator of the , benthic com/- 
mii^nity, particularly. , to mose ^engaged in water 
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' pollution studies. These include^-J^tandard 
Methods (2), Welch (57), Mackenthun (37), 
Kittrell (29),<dtjynes (26), aqd Buchanan and 
Somitfers (9). 

2.0 SELECTION OF SAMPLE SITES 

. As discussed and defined more fully in the 
section on biometrics, sample sftes may be 
selected systematically' or by various randomiza- 
tion procedures. 

2.1 Systematic Sampling . 

Unless;the dataare to be utilized for quanti|a- 
tive. evaluations, some type of systematic. 

ifempling is generally employed for synopti^ 
surveys ^nd reconnaissance studies, line 
transects established at discrete iriTwvals*across a 
river or stream'and sampled at quarter points or 
m^re frequent intervals are a form of systematic 
sampling and serve "as an excellent ineans of 
d^elimiting and mapping the habitat ^types. In 
lakes, reservoirs, and estuaries, transects r/iay be 
established along the short or long axis pr rhay 

^radiate out from a pollution source. If a random 
start point is used for selecting sampling sites 
along' the. transects, the data may be arhenable to 
quahtitative ^Valuation (see Biometri<is Section)t^ 
As will be discH^^d, however, the confoundifng 
efifects of cnanges^ physical characteristics of 
this environmentialoWg the transect must be fully 
recognized and ao^oun ted for. V 

- i In another fgim^of^^^ the 
investigator, usin^Wviin%j^ o cpnsciotisly ' 

sele^s and intensively samples- a)l recognisable 
habitat types. As pre^ijioUsly^gientionS^^^^^ this 
form of sample site selectioJp iiS|SSeful for 
synoptic surveys and for ^orrip^^r^iive studies 
where, qualitative comparisons are being madje. 

2.2 Random Sampling ^ v ' 

For' conducting^ quantitative studies, where-a 
measure of precision must be obtained, sbmt 
fype of randonyzatio^ prpc^idu^g^^mCIst be, 
cmployed4h -selecting s'aniplin^^d»f« This selec- 
tion may be carried^out on tlie \Woi^or the area • 
. under 3tudy (simple random sanipling),. or the 
randomization procedure may be conducted 
i'nd-ependently" on selected strata (stratified 
random ^mpling). Because the char.acteristics pf 



macroinvertebrate gommunitiej are so closely 
related ^o physical factors such as substrate 
type, current velocity, depth, and salinity, a 
design Vfsjng simple random sampling is seldom 
meaningful. Therefore, the investigator should 
stratify the habitat on ^the basis of known 
physical habitat differences and collect samples^ 
by the random grid technique within each 
habitat type " . , 

alluded to above, and regardless of the 
method of sample ^site -selection, the biologist 
must consider and account for those natural 
environmental variations that m^y affect , the 
distribution of organisms. .Among the more 
important natural environmehtaL varialjles in 
fresh-water habitats are sii!bstrate type, current 
velocity, and Hepth. In estuaries, the salinity 
, gradient is an additional variable that must be 
accounted for. ' « ^ 

2.3 Measurement of Abiotic Factors 

2:3,1 Substrate V ^ ■ 

Substrate is one of the most important factors 
controlling^ the characteristics of the community 
of aquatic macroinvertebrates found at a given 
location in a body of water (49). Over a period 

jDf time, the n^ral substrates may be greatly 
altered by the discharge of particulate' mineral or 
organic piatfeiy^iand the location and expanse of 
various substrate^ types (silt, sand, gravel, etc.) 
may change because of normal variations in^ 

^_hydrot^£j- favors such as current velocity and 
stream flow. The biologist, therefore, must be 
cognizaijt of changes ) in the nature and 
properties of the substrate wbich may provide 
clues on ^je qviality and qu^ntity^of pollutants 
and consider factors which affect the normal 
dis|ributioh of the benthic fauna. . 

Where the pollptan.t has a direcl effect on the 
characteristics of the sut)strat^.'the effects \)f 

* changes in water ^quality may be inseparable 
from' the effect&.of changes in the substrate. In 
cases where substrate deterioration has occurred, 

■ faunai effects may be so obvious that extensive 
sampling may not be, rfequir^d, arid special atten- 
tion should be given »to the pliysical and/or 
chemical characterization of the deposits. 

Jn^eonductipg synoptic surveys or other types 
of /ualitaiive studies and taking into account 




the lim|tatjia^^^ of available sampling devices, 
samplin^sijt^^ 'Should be sele'ljte^ to include all 
available''j^f)^£rates. If these qualitative Samples 
arre to be used for determining the effect^s of 
pollutants where the pollutant does not have a 
direct affect on the substrate, the investigator 
must bear in mind that only the fauna from sites 
-having similaf substrates (in terms of organic 
content, particle size, vegetative cover, and 
detritus) will provide valid data for comparison. 

For quantitative studies, it is sometimes 
necessary in the interest of economy and 
efficiency and within the. limitations of the avail- 
able gear, to sample primarily at sites having 
substrates Which norjnally support the most 
abundant and varied; fauna, and devot^ a mini- 
mum effort to tt)Osfe -substrates supporting little 
or no life. For ipstarfce-, in many large, swiftly- 
flowing rivers of the-Midwest-and Southeast, the 
areas of "scour'"' with a substrate of shifting sand 
or hardpan may be almost devoid of macroinver- 
tebrates; sampling effort may be reduced there in 
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favor of the more productive areas of "deposi- 
tion" on the inside of bends or in the vicinity of > 
-obstructions. Just the x^pposite situation may 
occur in^many of the swiftly-flowing upland 
streams, vyhere most of, the ' effort may be . 
devoted tQ sampling the productive rubble and 
gravel riffle areas instead of the pools. 
, Because of the importance of substrate (in 
teirms of both organic content and particle size) 
in itiacroinvertebrate studies, it is suggested. thatV^ 
sufficient samples be collei^ted to conduct the . 
^following minimal analyses and evaluations:^ 

t •. . 

• In the^field, classify and record,' on suitable » 
forms, the mineral and organic rnatter 
content of the stream, lake, or estuary 
bottom at 6ach sample site on a percentage & 
basis with the use of the categories shown 
in Table- 1. Although the categories given in 
Table 1 may not apply universally, they^ 
^?;5tij3tild be applicable to most situations with 
only sliglht modification. ^ . - 



TABLE 1 . CATEGORIES FOR FIELD EVALUATION OF.SOIL CHARACTERISTICS* 



Type 



Size. or characteristic 



Inorganic Components 
Bed rock or solid rock 
Boulders 
. Rubble 
Graver ^ / • • 
Sand 
SUt 

Clay ■ . ^ . 
Marl 

Organic Components 
Detritus 

Fibrous peat 

"Pulpy peat . 
• . ' /■' 

Muck* 



^256 mm (10 in.) in diameter 
64*to 256 mm {ZVz to 10 in.) in diameter 
2 to;;^64 mm (1/-12 to 2Vi in..) ip c^iamet^jr 
0.06 to 2.0 mm in diameter; grity texture when rabbed b'etwecn Hngcrs. .. . . 

0.004 to 0.06 mm in diiimcfcr ^.-^ , • , * * * ^ • ^ 

<b.004.mm in diameter; sraoDth/sJ>Ck feeling w 

Calcium carbonate; usually gray; often cpntai*hs fragments of mollusc shells or Oiara;; effervesces 
freely with hydrochloric acid ■ ' ' " * , ' 

Accumulated wgifc^d, sticks, and other'undecaycd coarse plant materials . ^ ' 

Partially decomposed pla'nt remains; parts of plant* readiiy distinguishable ' ' / 
Very firiely- divided plant remains; parts of pfar^ts not distinguishable; varies in cplor from green ' 
to brown; \ grigs greatly in consistence -often b £ing_S£mi>nuid- • ■ . 

Black, fio^iy divided organic matter; completely decom^ / ' / #i ^ 



* Modified from Roelofs, 
Lansing, Mich. " , 



i:. W. 



1944. \yatw soils in rcla^tion to lake productivity, Tecl.K IJuU. 191^. Agr. Exp. Sta., State CoUe^ ' ' 
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• In the laboratory/ evaluate, the inorganic 
components by conducting ar wet and dry 
partible size analysis on one or mqre 
samples an S preferably on replicate samples ' 
from eaclt sampling site with, the use of. 
standard sieves and following the modifie^d^ 
Wentworth classification shown in Table '2^ 
Detailed procedures for sediment analysis' 
are foupd in IBP handbook No. 16.* 



TABLE 2. SOMPARTICEE SIZE 
CLASSIFICATION* • 



Name 



Particle size 
(mm) 



U.S. standard sieve 
'series # . 



Boulder >256 

Rubble 64-256 

Coarse gravel 32-64 

Medium gravel 8-32 

Fine gravel 2-8 

Coarse sand 0.5-2 

Medium sand . 0.25-0^ 
Finesaiid ' 0.125-0.25 

Very fine sand 0.0625.-O.125 

Silt ^ 0.0039-P.0625 Centrifuge (750 rpm, 3'mih)| 

Clay <io.Q039 Evaporate and weigh residue ' 



' t 
10 
35 
120 
230 



* Modified from Wentworth (58); see Cummins, K, 19, 
An evaluation of tome techniques for the collection and analysis 
of benthi6 samples With special emphasis on lotic waters. Amer. 
Midi. N^t. 67:477-504. . \ 

t Standard sieves with 8-mm diameter openings are commonly 
available^, ^ ' ^ , . 

ijlJackson, M. L. 1956. Soil chemical analysis. Univ, Wisconsin 
Press, Madisoii. " 



sampling sites for both qualitative ani^ quantita- 
tive studies, depth must be measured and incljjd- 
, edds an independent variable in the study design. 

2.3.3 ^ .Current velocity . 

Current^velocity affects tl\e distribution^ of 
organisms ,in lotic environments and along' the 
\dndswept shores of leiitic environments, ^joth 

' directly (because of differing species require- 
ments;) , and indirectly (sorting ofv bottom 
sediments). Therefore, lt :is of critical 

'"importance that velocity' be considered when 
sampling sites are selected, and v/hen data aie 
analyzed. 'Only sit€^ with comparable velocity 
should" bQ compared. At the actual tim^ of 

d sampling, determine velocity at ,each:sample site 
by using a suitable current measuring device. 

NThe TSK flow meter listed, in the appendix is 
suitable if; modified by the/addition of a 

. stabilizing fin and'prop^Uer ibck^ , 

At de{5ths greater ^i^than 3 ■ feet, use tjie 
J two-tJoint metliod (1); take readings at 0.2' 
ahd 0.8 of the dejith below the surface. The 
. average of these twd observations is taken 

as the mean velocity. . 
• At depths less than 3- feet, the j0.6-depth 
method/(l) is used; take readings at 0.6 of 
. : - the depth below the surface.^ 
• • Where. artificial_sub8^ratesampkrs!^^^ 

utihzed, take the reading directly upstream 
of the sampler aric} at the same deptK: X' 



• Determine the organic content by drying 
ahd ashing a iCpresentative *sample of the 
. sediments; u$e the metliods outfined in the 
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2.3.2 Depth 

Depth indirectly affects the distril^ution ,of * 
aquatic macrbinvertebrates as a result of its 
influence ^on the availability of Ught'^fqr plant 
growth, -On water |emperaturer ox\ the zonatioil 
of" bottom deposits, on- the water chemistry 
, (particularly o;cyg^); and phototactic responses 
of organisms. In^ xegai'd ^fo ^the selection of^ 



,*Hbhne, N. A., and A.,D. Maclntyre. 1971. Methods^et)^ the 
stud^of' mairine benthas.'Intemational Biiplogical Pr6gran)V t)*avis 
Coriip^iny, PhU^tophia. 346 pp. - j \ ^ 



2.3.4 

* Salinity is an important factpf in ntarinfe^and 
estuarine envirynments.,^he sa^nity of sea w^tef 
is approxim^ly 35 partTp^r thousand; salinity.; 
of fpesh^wat^ is generally a few parts pet" 
million.^ in\eg^aries,^where sea-Avater and fresh 
water meet,Shere may be' wide fluctuations of 
salinity with tid^^ahd river disch^t^. This area^ 
may be inhabited) to ^some extent 'b^ both fresh- 
and salt'Wate|si<irms, but the number of species 
is usually less than that that oc^rs-iinder fnoit 
:5table conditions of salinity {35^. Since move- . 
ment,- as 'well as general location of many 
species, is govemed'by tides^aiid salinity, these 
must be' ^akeii into' accounf^;^i#-^(JeJ^^ 
ampling tiirieand.locatibn.^ 
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. . Because of the extremVrspatial aHd tempoV^^^ 
fluctuationis of salinityMjv^stuariesf^^ 
msfrumental metbdds of measurement are more 
desirable 'than slower, morei pi^ecise chemical 

» ^netHod?X3,8); ■ ' ■ V 

- Wid^-range, temperature3>pmpens3ted con- 
' ductivity saliqomete/s are /recoriiiriended for 
determining both horizontal and ve^ticatl salintty 
profiles at high-slack and low-slack- tide levels in 

v theVaita of estuary ^ or reach of riv^r being 



•.studie^.\v 



^y^lp^S^LING METHODS ° . ' ■ 

•■<?E%NTITA'l1VE - -\. - ■ 

'3/1 J De^fmitiom md purpose ' \ 

Aithoug^^ the jlata . niay.be eval^ate^in various 
\yays, a^ quantitative method essentially involves 
anv estignffttion. of the -numbers or tnoraass 
(staitiding" crop) the various* components of 
the malbrpjnvi^rtebrate community pef- unit^area 
in all ; a p6f tipa.x>f the avaija1)le ^ habitats 
""/(including art^ciplly introduced habitats)^ in the 
ec^Dsysteni bemg studied, and- provides ^informa- 
tion on^'the species comppsition, richness of 
spie.cies'and distribution bf inWiduals among the 
species. \ ^ ^ - ' * 

^ « ' ' V * - ^ ^^i:, 

Ofet^in quantitative climates by usin^ 
. that san\ple;'a unit area or. volume p£v habitat/ 
such as a Surber square-foot sampler/ >hich iq 
V use pi^suma[?)ly . coUect^ajU orgamsnrts/^nclpsed 
within the^frame* of. the„ sampler, or %h artificial 
substrate' sampled JiaVinfe^a /ixed^ volume or 
exposm^g a fixed amounic of surface. 
, V V thei,; stu^ of * macroinvertebraite- pbpula- 
tions,* the samf^Ung precision '•is^ affett^d by a 
number, of Jfactors) including' si^e, we^ht, and 
.conslriiction ^f the.^ampling dey^ce, the ^pe of 
sub^t^ate, and'^the distribution ofrorganijsms in 
and on' the.su bstratel^For example, it ^ expected 
that the es,timates of standing crop drawn froh) a 
, serie;s 6f samples^ will be^ more precise (have a 
low^' coefficient of variation) when %th$^ 
commuhify consists of a few species rqpresen^ed 
' * ■ . - ■ • •' .' * ■ •. o ■ ■\J ■ 



* • a* large,' number of individuals, dVenly distri- 
\ buted' in'^thQ su^bstratc; Conv^sely, a large cpef- ^ 

. ficijent^ or variation would be ^expected if the 
. fauna conisists of a large number of species vvith 
^a patchy distribution of hidiyi4uals. Tc q^btgin- 
' the°* same level of precision; at a 'given level of 
' probabiht^, a larger number ^f repUcates wpiild 
; he re quired Uft the latter case' jhag in theXormer? 

In general, the smaller the surface area 
' enoornpa^^ed by a^sanifilirig device, the Jairger the 

number ^of samples .^Jequired to bfetain a desired 

leV'el * of precision:' ' Th^, precisioji *can be 
.increased "by iJOllecting larger samples, or by 

increasing the nur^bers'pf saifi|)'les collected. . 
An objective, quantitative approach neces- 
^sitates that'a hieasur^ of the pre^^ion of the 
) estimates be Obtained — thus, replicate saihpUng 

in each habitat or stratum- selected /or study is 
- an absolute requirement For measurement of ' 

precision? three replicates are an absolute 

minimum." (A series of single samples taken at 
^ discrete points along a transe^ct do-not reprg^ent' 
\*repUcate. samples, of benthic organisms unless it 

• 'jean be demonstrated that the physic^character- 
/istics of the habitat ♦dp.' not change along the 

•transect.) . ' " . , o 

ft is^ pref^rable^ if data are available (or can 
be obtained by rec^nniaissaAce or ^exploratory 
. studies), fp determine the numbei* of replicates ( 
on the/b^is -pf the desired leVel of pr'eeisiQn as 
* discusse'dSi the Biometrics Section. ' - 

3.1 J Advantages '^'^ , .. \ 

In addition to providing the: ^s^me data 
obtained' from qtiaUtatfi^e study, th^ standiipg 
crop data generated by a quantitative stqdy pro- 
> vide a means bf comparing thcptoductivity of/ 
'^different environments^; and if a /measure^of 
turnover is available, the actual 'tn'pdyctipn can 
bexomputed. ♦ \r^- ? ^ I- ' \ 

/The use of quantitative sampling deviqes in 
:arefuUy choj^n ^habitats is recoitm^nded 
because they reduce sampling bias resulting from 
differences in expertise of the sample collector. 
^ The data, frdm prraerly designed- quantitatiy^ 
studies ijre amenable to the UsV of >ifnple? bi(tt 
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powerful statisticSll tools that aid in maintainini 
the objectivity of the data^ evaluation process. 
The measures of precision and probability state- 
ments that pati be attached to quantitative] data ^ 
reducG the possibilities of b.ias in the data^valu- 
ati6n process and make the results of. different 
investigators more readily comparable. 

The advantages, then, of quantitative methods 
are: ^ 

• They prpvide a measure of productivity. 

• The, inviestigator can measure precision of 
estimates and attach probability statements, 
thus providing objective comparisons. • ^ 

• The data- of different "investigators may be 
compared. . ^ * , 

11.4 Limitations 

Prjssently, no sampling devices #; adequate to 
sample all types of habitat; so *whenjc]uantitative. 
devices are used, 'only selected portions of the 
environment may be sampled. ' ' 7 
. Sampling precision is frequently^so low that 
prol^itive numbers o/rftpljcate samples may be 
re.qiffed to obtain meartingful estimates. Sample 
processing and analy^i«^^are slow and time- 
consuming. In some,«ases**tlTierefore, time limi- 
tations p\dcQ&(Si\ a $1^cLy%|ay prohibit the use 
of quantitative techniques. • 




3.2 Qualitative^. 




3:2.1 Definitions and purpose^ 

The objective of qualitativcstudies is to deter- 
mine the presence or absence of forms having 
Varying cfegree? of tolerance to contaminants 
and to obtain inforrnatj^ 6d "richness of 
.spfecies.'' Sarnples are o^tamcd with the use of a 
wide^apety of collecting me(^ods and gear, 
nrkn^ of which are not a^Luible to quantitation 
on a unit-area basis. Whci^phducting qualitative 
studies, an attempt is usually made to collect aU 
species present by* exhaustive sampling iiv all 
available habitat types. * 

S.2.2 Requirements ■ : ^ ^ \ 

\ Recognizing an(J locating various ty^es of 
habitats wherQ qiialitative .samples can be 
collected' and . selecting suitable collecting. 



ecliniques ^luire experience and a high level of 
rtise. * - 
pli conducting comparative studies oT the' 
benthos, a major pitfall is the confounding 
o| the differences in physical habitat 
amd^ tra different stations being studied. This 
danger is particularly inherent in qualitative 
studies' when an attempt is made to systematic 
jfcally collect representative specimens, of all 
species present at the sampling statics or 
eaches of river bein'g compared. Unfortunately, 
differences in habitat unrelated to the effects of 
introduced contaminants may render such com- 
pariscms meaningless. Minimise this pitfall by 
garefirfiy recording, in the field, the habitats 
frorn which specimens are collected and then 
basing comparisons only on stations with like 
habitat's ifi Wbifch the same ajnount of collecting 
; effort has bd^^xpended. • 

3.2:3 Advantages 

Befeause of wide latitude in Collecting tech- 
niques, the types of habitat that can be sampled 
- ^re relatively unrestricted. A^uming taxonomic 
expertise is available, the processing of qualita- 
tive samples Js often considerably taster '^than 
that required for quantitative samples. 

3. 2 A Limitations • . 

Collecting techniques are subjective and. 
depend on the- skill and experience of the 
individual who makes the field collections. 
Therefore, results of one investigator are 
difficult' to compare ^with those o#»another. 

yVs discussed elsewhere; the drift of organisms 
info ihe sarnpje^rea may bias the evaluation of 
qfoli tative da ta and /render comparisons 
meaningless. * . ' 
/jMo information on standing crop or produc- 
tion can be ,genferated from a qualitative study. 

3.3^^ Device's • . « ' 

3.3.1 Grabs : * . * ; 

Larg* devices designed to penetrate the 
SLibstrateVby viVtue of theil* own weight and 
leverage*, nnd have spring- or gravity-activated. 
xlosing"n1i?cr|^isms. In shallow watSrs, some of 
these devices rriay be rigged on poles or rods and 
physically pushed, into the substrate to a 
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predetermined deptK. Grabs with spring- 
activated closing devices include the Ekman, 
Shipe.lc\ and Smith-Mclntyre; gravity-closing 
grabs inclVule the Petersen,* Ponar, and Orange \ 
Peel: ^Exceltbi)^ descriptions of these devices are i 
given in Standard Methods (2) and Welch (57). . 
>tJrabs ure>^useful for sampling at all depths^in 
^akes, estuaries, and rivers in suj^strates ranging 
from soft nuids through griivcL^^^ 

In addition to the previously discussed 
problems related to the patchy distribution of 
organisms in nature, the number and kinds of . 
organisnps collected by a particular grab may be , 
affected by : ^ 

'de\)th 6f penetration - / 

• angle of 'closure 

• completeness of closure of the jaws and loss 
of sample material during retrieval 

• creation of a "shock" wayfe ajid consequent 
"wash-out" of near-surface organisms 

• stability of sampler^ at* the ' high-flow 
/ velocities often encounteg^ in rivefs. 
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Depth of penetration is a very serious problem 
arid depends on the weight of sampler as 
opposed to the particle size an^^ degree of 
compaction of the bottom sediments. The ^ 
Ekman grab is light in weight and most useful . 
for sf^irnpling soft, finely ^;5^i<^<?d substrates* 
composed pf varying proportTons' of fine sand,. 
clay,> silt, pulpy peat, and muck. For clay 
hardpan'and coarse substrates, siich as coarse 
'^ands and gravels, the heavier grabs such as the 
Gr^pnge p'eerorclam shell types (Ponar, Petprsen^^ 
Sinitji-Mcrn tyrcv^ are mbr6. satisfactor]^^ 
Auxiliary, weights may be added to aid penetra^ 
tion of the substrate apd to pdd stat)ility in 
heavy curVents and rough Waters, :v 

Beci^useiDf differences in t)nc depth of pene- 
tration and the angle of "bite'' upon clbsCire, 
data from the different grabs a^e not cohipar- 
able. Tlic Ekman essentially encloses a square, 
which* is equal in area from the surface to ^ 

' — , ; — r — " . J- 

♦l oxcst Modification of \hc P(;tersi:n grab dcscribeci^ Welch 
(57). ■ ■ ■ . .V ^/ ^, 



maxirrium depth of penetration before closure. 
In soft substrates, for which this grab is best 
suited, the penetration is quite deep and the 
angular ^Ipsure of the spring-loaded jaws has 
very litne effect on the volume of sample 
collected, In essence this means that if the depth 
of penetration is 15 cm,, the organisms lying at 
that depth have the same opportunity to J?e 
sanipled as those lying near the surfaces 

In clam-shell type grabs, such as the Petersen, 
Ponar, Shipek, and Smith-Mclntyre, the original 
penetration i3 often quite shafiow: because of 
the sharp angle of "bite" upon closure, the area, 
enclosed by the jaws decreases /at incr^sing 
dqpths^^ of substrate penetration. Therefore, 
within the enclosed area, organisms found at 
greater depths do not have an^qual opportunity 
to be sampled as in the case*of the Ekman grab 
and other sampling methods described in the 
next section. Th'S^roblem is particularly true of 
the Shipek sampler — the jaws do not penetrate 
the substrate before closure and, in profile, the 
sample is;essentially one-half of a cylinder. 

Probably one of the most frustrating aspects 
of sampling macroinvertebrates ^ith various 
types of grabs telates to the problem of incom- 
plete closure' of thejaws' Any object - such a$ 
clump^ of vegetation, wbbdy debris, and gravel 
— that cannot sheared by the closing action 
of the jaws often^prevents complete closure. In 
tl^ order of their decreasing ability to shear 
obstructmg jnaterials, thexommon grabs may be. 
ranked: Shipek, Smith-Mclntyre, OrangQ Peel, ; 
Ponar, Petersen, and "Ekman. If the Ekman is 
filled to within more than 5 cm of the tppj 
there may be loss of isubstrate material on 
Vetrieval (16), An aclvantage of the' Ekman grab 
is that the surfaot. of the sediment gan ,bft 
examined up^n retrieval, and only those samples 
in wllich the sediment surface^ is Undisturbed^^ 
should be retained. 

AH grabs and corers produce a^ "shock" wave 
as they descend. This disturbance can affect the 
efficiency erf a sampler by causing an oktwilnl 
wash (blow-out) of flocculent materials near.'fhe 



mud-water ^inter|^ce :that may* result^ 



in 
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aclequatc sampling^T near-surface organisms 
such as phantom— midge larvae, and some 
cbironomid midges. The shock *wave of the 
Ekman grab is minimized by the use of hinged,, 
freely-opening top flgps. The Ponar grab is a 
modified Petersen yi'th side si^irtains and a 
screen on the 'top. The screen ah^ws water to 
pass and undoubtedly reduces t^jcshocl^ wave; 
however, divers have observed blow-out with 
this device (16). * ' ^ 

Graib-coflecteci samples provide a very 
inSpreds^- estimate of the numbers of indi>7iduals 
and hufjibers of taxa of aquatfc macroinverte- 
brates. A summary of data frbm various sources- 
shows that the mean coefficient of variation (C) 
for numbers -of individuals collected by Ponar,, 
Petersen, and Ekman grabs w^s 46, 48, and 50 
perceht, respectively (Table . 3). In most of the 
studies on which the ^dalculationsan Table 3 are 
based, %h(^ level of replication ranged from Ilpee 
to six samples. Estimatioi]^, of number of Faxa 
are more precise; for Ponar, Petersen^ and* 
Ek-man grabs, the mean calculated C was 28, 36, 
and 46 percent respectively (Table 3). ^ 



On the basis of-thc calculations in Table 4, 
there appear to be no consistent differences in 
the precision of, estimates collected by Ekman, 
Ponar, and Petersen grabs in mud. or sand sub- 

-sbates. The poor closure ability of the Ekman in 
coarse substrates such as gravel is demonstrated 
by the large C values.foj the Ekman -as compared, 
with values for the Petersen and PonaFTn gravef 
substrates. / ^ 5 

Another way of demonstrating the reliability 
of ; grab sample estimates of macrobenthos 
standing crop is to calculate, at a given proba- 
bility level, the ran^e of value^ around the 
sample mean in whicjb the true mean should lie 
if a • given number Of replicate samples were 
collected. Ffom the data sh6wn in Table 3 for 

^the Peteicsen, Ponar, and'Ekman grabs in various 
types of substrate, coefficients of variation near 
50 percent for numbers of individuals and 35 
percent for numbers of taxa should be expected 
with 3 to 6 replicates. With the use of these 
expected values, the true meari for ntimbers of 
individuals and number of taxa of fn^roinverte-^ 

grates should lie ^ithin plus or minus 36 percent 



f TABLE 3. MEAN AND MODAL VALUES FOR GOEFFICIENTS OF VARIATION*^ 

(EXPRESSe6 AS PERCENTAGE) FOR NUMBERS OF INDIVIDUALS AND NUMBERS' 
'. OF TAXA OF MACROINVERTEBRATES COLLECTED.BY VARIOUS DEVICES • , 



Sampling 
device 


Individuuls 




xa 


Remarks-, 


Mean 


Model,. 


Mean 


ModeJ 


Rouk'lillud 
b;irbe()Ue • 


32 


21-30 . 


20 


^ 11-20 


: 1 ■■ <; 

22 sets of samples with 4-6 reps, per set (52) and 
2 sets of samples having 15 and 16 repy. (13).. • . 


Poniir 

V 


< 46 


41-50 


: ' 28 


11-20 


12 sets of samples'with >12 reps, per sdUl6, 31). 


Petersen 


48 


51-60 

> 


"^36 ' . 


21-30 


21 sets of samples with 3-6* reps, per sot)i31, 5iJ^ 

5-4).. . ^ . ^ ; .. • 


Kkman 




41-5.0 


46 \ ' 


31-40 


27 sets of sampled ^ith 3-12 reps, per set1(&, 16, 31'^ 
45. 53). \ ^ : . ' i 

60 sets of samples having 6 feps. per set (20). " 

7 sets of samples having. 10 reps, per set (8), 


Surber • 
Corcpr 


50 . 
"50 


41-50 






Stovepipe 


56 


* 31-40 


; 38 


21^30^ 


32 Kets of samples having 3-4 reps, per se^(53). 



*Coafficieht of. variation = (standard -deviaiic^^x l00)/mean. 
'ff requenty distribution based on ICK/o increments. 
' iOlicijchaetes only. • . . ^ 
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and 25 percent, respeCtivelV, of the^sample mean 
at a 95 percent probability level,- if JO replicates 
^ were collected. (See Biometrics'Section.) 

Precision would, of course, be increased if 
additional samples were collected, or if the 
sampling method wefe-Hicyre precise. 

Since the assumptions ne(*essary for the 
statisticahcalculations shown in Tables iand 4, 
are not likely met in the data of., dirfexent 
investigators collected Jrom different habitats, 
the above calculations only prpvideitiia gross 
approximation of* the precision to be ex'pectg^. 
They do, however, serve ""to emphasize the very 
imprecise nature of grab sample ^datii and the 
resultant- need for care'f^ul stratificaiion of the ^ 
tyije of the habitj^t .sampled aiid sarnple' repli- 
cation. » / ' 



TABLE 4. MEAN COEFFICIENT'S OF " 
VARIATION (EXPRESSED AS PERCENTAGE) 
FOR NUMBERS OF INDIVIDUALS AND 
NUMBERS O^TAXA OF MACROJNVERTE- 
BRATES COLLECTED IN DIFFERENT 
SUBSTRATES BY GR'*AB-TYPE DEVICES 
AND A CORER DEVICE* 



Sampling 
device 




Substrate 






Mud 


Sand 


Gravel 


Ind. 


. Taxa 


Ind. 


Taxa 


Ind. 


Taxa 


• likman 


49 


- 40 


41 


21 


106 


f 74 


Petersen 


41 ' 




50 


41 


''■^ 


' 20. 


Ponar v 


46 . 


25 




.33 




Corerf . 


50 













^<r*g^lcu)ated from data in rcfejencc.f (8, 16, 31, 45, 53, 54). 



When using a sieving-type device for quantita- 
' tive estimates, reliability may be ^ffected by: 

• adequacy of seating of the frame on the 
^ " substrate 

backwash resulting . from resistance of the 
.net to water.f!ow - atTijgh velocity of'flow 
this^may be significant . • 
- • care used in recovering the organisms from 
the substrate materials ^ 

• de^th to which tjie- substrate isNworked 

• drift of organisms from areas ^upstream of 
the sampJe^sUe , 

To reduce the possibility of bias.'r.esulting 
from up^i^^in disturbance of the substrate, 
always ^tan'd on the^d6wnstr«am side of a^eving 
device and* tak^^ repHcates in an upsti*®!! or 
lateral direction. Never start in the upstream 
portion of a pool or riffle. and work in a (down- 
stream direction. * 

The precision of estimates of standing- cropj 
of m^crobenthos obtained with ;Surber-type 
sieving' devices V?iries widely and depends on a 
^um^bpr of factors including the uniformity of 
substrate and disptribution of organisms '^therein, 
'^the car^ used -in .^ollecting samples, and level of 
sample replication. . ^ ' , 

< For a large series of Surber samples from 
southeastern U. S. trout streams, the coefficient 
of variation (C) ranged from tl percent to 
greater than 100 ptercent (Table 30- The mean 
value of C was near 50 ^percent,- and more .tijan 
one-half of the C values fclj between 30 and 50 
percent. These values are ^^ilar to the -20 to 50 
percent reported by,^ Allen (J) and for those 
discussed above for grab samplif data. 



J.3.Z Sieving devices ' ■■' , ^ - ■ 

For quantitative, sampling, the ^vell-lcnown J 
_ Surber. square-foot sampler (2, 57) is the most ^ 
com-monly used sieving device. This device can 
be used'onl^Jn flowing water having depths not 
greater than 18 inches and preferably less than 
12 inches. fPiV commonly used for sampling the 
rubble ahd'^^'gravel riffles of small streams and 
may be used' in pools where 'the water depth is 
^not.toogre; 




3. 3. 3 Coring devices \ 
Included in this categM^, 



fee single- and 
multipje-head coring devices,- 'TObular inverting 
devices, and open-eRrifeditovepipe-type devices. 

Coring devices are described ^in Standard 
Methods (2) and. Welch (5'7). Gorers can be used 
^at various depths in any substrate* thai is 
sufficiently compacted so thatj the sample is 
retained; howe^^r, -they are best suited; for 
sampling the '|?elatively homogeneous soft 
sediipents, of thev deSper * portions of Jake^. 
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Because of the small area sampled/d^ita from 
coring devices are likely .to provide very 
imprecise estimates of the standing crop oh 
macrobenthos. As the data in Table 3 illustrate, 
the Variability in numbers of oligouhaetes (a^ 
dominant componenty^ the fauna studied) 
collected in corers is^&miilar to that for grab-type 
devices; however, .tWt corer data were calculated 
from two to thr^^ times' as; many replicate 
samples and were collected from ^ relatively 
homogeneous :>ubstrate. ^ . x , [ 

Such a'dditional replication witht^ ooreiis. is 
.feasible because of the srhall amount of material 
pef sample that must be handled 'in the 
laboratory. Multiple-head corers Fiaye t?een used 
^in an attempt to reduce ^he field saijipUife effort « 
tliat^ust be- expended to' collb.ct'large series of 
core sarnpl'es (19). 

The Den dy Inverting sampler (57) is a highly^* 
efficient coring-type device' used for samif^l|ag/Jt. 
depths to 2 or 3 meters in nonvegetat^d^sub-*' 
strates ranging from soft muds through* coarse 
sand. Because of the small surface area sampled, > 
data obtained by "this sampler suffer' From the 
same lack of precision (51 ) as the coring device^ 
• described ah^ve. Since the pe^-sample processing • 
time is redu^d, as with the uerers, large' series of ^ 
replicates can be collected, jhe Dt^ndy sai^ler 
is highly recommended for use in habitats jfpf ^ 
i which it is suitable. y ./^r 

Stovepipe-type devices include the' Wilding 
/.sampler (2, 57) and any tubular matericflAsbch as 
60 to 75 cm sections of "^tandard '17-cm-/ 
diameter s^tovepipe (51) or 75^ym sections of 
30-cm-diameter aluminum. irrigation pipe fitted 
with handles. .In use,;the irri^liop^p^ or com- 
me.rciah stovepipe is ' mahwally\|pi»^^^ jritp th^^ 
substrate; after Whlct^' the co.i^ainexl y ' 
and ' C04rse substrate' piaWnals "ajrfe reTmoVed by 
hand. -The remain(hg*/,materials lare .:^e{^^^ 
stirred into suspension " r^pavfe^ vylth a^lon?:^' ^ 
handled dipper, arid poured through a wooden- 
framed fldli ting sieve. Beciuse of^the laborious 
' and* repetitive pfoees^ of stirring, dipping,' ^nd 
sieving large volumes df^aterial, the collection 
of a s^Tiple oCten requires 20 to 30 minutes., . 

The use of stovepipe samf)lers, is limited to 
standir^' or slowly moving wa.ters having 
' *iess 



problems relating to depth of sediment penetra- 
tion, changes^in cross-sectional area with depth 
of penetration, '^ajiid escapement of organisms are 
circumvented - by stovepipe samplers, they are 
recommended for quantitative sampling in all 
shallow wajer behthic habitat's. They-probably 
represent the only quantitative device suitable 
for sampling shallow-water habitats containing 
stands of rooted vascular plants and will coll/ct 
organisms inhabiting the vegetative substrates.as 
well as those li)(iiig in sediments. The coef- 
ficients of variatioa for ttie stovepipe samples in ^ 
Table 3 are comparable to the epefficients for ' 
grab -samples, '.although the stovepipe samples 
were collected in heavily vegetated and conse- 
iable. habitats'. ^ 



quiently hi 



T^eV ba 
rdck-fill) 
niodified bl 
widely use 




maximum^sj c|epth of 




60 cm. 



Since 




substrates -[ 

milf^Rle-plate sampler. (23) and 
bask«t^sampler (21) have been 
numerous workers (1 7, 40) and ^re 
for investigating the mac'roinverte- 
brate c6mmunity. Both samplers may be 
suspended /fom a surface float or may be 
" mgdified for use in shallow streams by placing 
tliem on a rod that is driven into the stream 
bottom ot anchored in a piece of concrete (^^' 
^A multiple-plate sampler similar to um 
described b^ Fiullner (1 7)/ expept with drciUar 
plates and spacers, is recommende^ for ^use by 
F,PA biologists. This sampler is constructed of 
0.3-cm tempered^^hardboard cu4 iiito 7,5-cm 
^ 'diameter circular . plates .and 2,5-cm circul*-. 
\spacitrs. A tbtixl of ^^U plates'and 24 spacers are 
required for each sampler. The hiirdboardT)lates 
and- spacers are placed on a V^-'mch {O.&zS cm) 
eyq^bolt so that there are eight single spaces, one 
d6ui)le |spi^, two triple spaces, and two 
' ifju^rupie ^Ipaces between, the plates. This 
- ^amplei* has an'Wfective surface .area (excluding 
7-the- boU) of 0. 1 3 square mQ,ter and conveniently 
fits into a wide-mQUth glass ^/ plastic jar fot 
shipment and storage. Caution should be 
exercised in the reuse of samplers that may have 
been subjected to contamination by toxicants, 
oils, etc.. if 
^ The* rock basinet sampler is a highly effeclivev 
Uevice ^'^fq/ \stydyih^-/the macroinveXtebrate 
community. A>;^lindrical, chrom basket 
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(2) or comparable enclosure filled with 30, 5 to 
. 8-cm-diameter rock? or rock-like material is . 

' . recommended for use by EPA biologists. 

To reduce the number of organisms that 
escape vyhen the samplers are retrieved, the 
multiple-plate> sampler and the rock-filled basket 
sampler should be enclosed by a dip net con- 
structed, of 3 0-mesh or finer grit bolting cloth. 

Artificial substrate samplers, to a great extent, 
depend on chance colonization by drifting or 
swimming organisms ;. ^and, thus, the time of 
exposure may be critical to. the development of 
a relatively abundant and diverse community of 
organisms. Adequate data are currently unavail-. ' 
able to determine the pptimum exposure period, 
which is likely, to differ in different bodies of 
water and at diffei:eat times of the 'year." Until . 
more data become available, adoption of a 

^ 6-vyeek exposure period (2) is provisionally 
recbmnfended as standard. If study time Umita- 
tions reduce this period, the data must, be 
evaluated with caution and, in no case, should 
data be, compared from samplers exposed for 
diffej^nt^ime periods (^43). 

In deeper'xjWaters, artificial substrate samplers 
should be^ suspended from floats and should be 
well up in the phofic zone so thl^t; periphytic 
growths can develop ^and provide^ food for 
gFazing forms df macroinVertebrates."" Unless the 
w^ter is exceptionally turbid, a' L2-n^eter 

^ (4-foot) depth is recommended as stSi^ird. If 

•ft^ th^ water is le§s than 2.5 matters dee*^, the 
. sampler should be suspended from a float half- 
• wj>y 'between the water surface and. the stream 

jM- ► ■ . 

In ^^some situations, artificial j^Mfeate 
methods ar^ the best means of . coq^^ing 
quantitative studies of the ability of ah;a™atic'^ 
environment to support a diverscs^semblage of 
""macroinvertebrate .organisms. Advantages of the 
. method are;^ - ' 

• The confounding effects of sub^trate'differ- 

. ences are^ reduced. • 

• A, higher; level of precision is obtained than 

•/^jantitatively corfifJirable data can* be 
' o1?f£fined in environments from wh'igi it is ' 

virtua"tly impossible to*obtainvsamplel. with 
rconye^ntioijal devices. 

11 



' • Samples usually contain negligible amounts 
* of extraneous material, permittirig quick 
laboratory processing. 

Limitations of artificial substrate samplers are:" 

•^he need, fopva long exposure period makes ' 
the samplers^nsuited for short-term survey 
studies. 

• Sampli^frs and floats are sometimes difficult 
to, airaior in- place a-nd may present a 
navigation haz:ard. * ^ , ' 

• Samplers are vulneraWe to vandalism and 
are often lost. ^ 

• Sampfers provide no Ttieasure; of the 
, condition of the natural sulfstrate at a 

statiori or of the effect of pollution on that 
. substrate, including settled soUds. jr 

• Samplers only record the community that 
develops during the sampling period, thus 

- reducing the value of the collected fauna as 
indicalqrs of prior conditions. 

Two other objections often made to the use 
of artificial substrate samplers are. that they are 
selective to certain types of fauna and the data 
obtained do hot provide a valid measure of the 
productivity of a particular- environment. The 
validity of the latter objection depends on study 
objectives and may be of minor consequence in ^ 
many pollution-oriented studies. The selectivity 
of artificial substrate samplers is a trival "objec- 
tion, since all currently available devices are 
selective. The selectivity of conventional 
sahipling devices other than artificial substrates 
is directed toward those organisms that inhabit 
the types of substrate or substrates for which a 
particular type af sahipler is desigried. 

3. 3.5 Drift nets % - - — .- .-.^J^ ; 

Nets having a 1-5 by 30-cm upstream openijijg 
and 'a'^bag|jlengfih of. 1.3 m (No. 40 mksh . 
nQtting>. ajnf recommended for small, sy/ift"' 
streams. In laf]g;e; deep rivefa w'ith a current of 
approximately^^03 rt)eter^*per second (mps);^ 
nets hflving'a^SEeni^Qf 0.093 m^ arS reoom-/* 
mended (2). >¥i^or1 me' nets* in flowing wafer* 
(current not less O.OlS'^pips) for from 1 to . 
24*' hou?s, depending on the density of bottom 
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fauna and hydrologic 'conditions. Place the top 
of the nets just below the surface of the water to 
permit 'calculation of the flow through the nets 
and to lessen the chance for collection of 
floatingAprrestrial insects. Do not permit the 
nets topSbch bottom. In large rivers, maximum 
catches are obtained 0.3 to 0.6 meter above the 
bottom' in the shoreline zone at depths not! 
exceeding 3 meters. 

Drift nets'^are useful for collecfing^macro- 
invertebrates that migrate or are dislodged from 
the substrate; they are particularly, well-suited 
for^synoptic surveys because they are light- 
weight and easily transported. Thousands of 
organisms — including larvae of stoneflie^, 
mayflies, caddisflies, and midg^ and other 

Diptera, may be collected in a..sarapling. period 

"^f only a few ^hours. Maximum drift intensity'^ 
occurs between Sunset and midnight (55). ElUot 
(14) presents an excellent synopsis of drift net 
methodolo^. 

♦ ' \. . 
3.3.6 Photography^ . 

The use of photography is mainly limited to 
environments that have 'suitably clear water and 
are inhabited by sessile animals and rooted 
plants. Many estuarine habitats, such as those 

' containing corals, sponges, , and attached algal 
forms, fall in this category, and can be photo- : 
graphed before, tlurijig, and after the introduc- 
tion of stress. The technique has been used with 
success, in south Florida to evaluate changes 
brought about by the introduction of heated 
"^effluents. . : - 

The tephnique for horizontal underwater^ 
phdtastising scuba gear involvesl^lacing a photo- 
graphically identifiable marker in the habitat to ' 

^ be photogritphed and an additional nearby 
marker on which the camera is placed, each time 

, a photograph is taken. By this means, identical 
.areas Q^h b© pliotographecl repeatjedly over a 
period of time to evaluate vbit-site changes in ^ 
sessile forms at "both affected and control^ 

' stations. Vertical, overhead photos may ^so be 

vktakfen under suitaWe conditions. . *^ ^ 



3J.7 Qualitative /Je vices 
' 'The investigator has an unlimited thoice of 
,1g|ar foi collecting qualitative samples. Any o£ 




the quantitative devices discussed previously, plus , 
hand-held screens, dip nets, rakes, tongs,Apost 
hole diggf rs, bare hands, and forceps can be 
used. For deep-water collecting, somj of the 
conventional grabs described earlier are normally^ 
j-equired. In water less than 2 meters deep, a 
variety of gear may be used for sampl|ft^ the 
sediments including long-handled dip nets and 
post-hole . digget^. Coll^ions . from vascular 
plants and fQamentous algae may be made with 
a dip net, common garden raXe, potato fork, or 
oyster tongs? Collections from floating debris 
and rocks may be made by hand, using forceps' 
to catch the smaller. organisms. 
. In shallow streams, short sections oLcommon 
wii{dow screen may be fastened betvteen two 
piles and held i^place at right an^lfiB to the 
Water flow to collect organisms dislodged from 
upstream materials that have been agitated. 

4.0 SAMPLE- PROCESSING 

4.1 Sieving . . 
Samples collected with grabs, Ju^ar devices, 

and artificial Jsubstrates contain v^i^^ amounts 
of finely divided materials such ascbmpletely . 
decomposed organic material, silts; clays, and r 
fine sand.^ To reduce sample volume and ^ 
expedite sample procetsing in the laboratory, 
these fijies should removed by passing the 
sample tMpugh a U. S./ Standard No. 30 sieve. 

" Sieves may range from commercially con- 
structed models to/ homemade sieves framed 
^i'th- wood or metal. Floating sieves with 
wooden frames reduce^ the danger of accidental , 
loss of both sieve and sample when working over 
the side of a boat in deeper waters. A good sieve 
contains no cracks or crevices in v'hich sqiair 
organisms can become lodged. - ' ^ 

* If at all possible, sieving should be done in the 
field immediately after sample ,cb1lectioj3k and 
while the paptured organisms are alive. ^Once 

^ preserved, many organisms become quite fragile 
an^l if subjected to sieving, will be' broken up and 
lost'or rendered unidpntifiable. * 

Siwin^ may b^afccomplished,^ by one , of 
^everar tecKniques (fepending*\iporf1*ie reference' 
of the individual biologist. In one techniqile, the 
sample is place^Jirectly. into a sieve.and the 
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sieve is then partially submerged in water and 
\ o*igitated* until all fine materials have passed 
through. The sieve is agitated preferably in a tub 
of water. 

A variation of this technique is to place the 
^ original sample in a bucket or tub, a,dd screened 
^ ' water, stir, ^nd pour the slurry through a U. S. 
Standafci No. 30 sieve. Only a moderate amount 
of agitation is then required to. completely clean 
the sample. Since this method requires consider- 
ably less effort, most biologists probably prefer" 
■-it. \ . ' ''^ ' V. ' ■ 

, Injfbotll' of the above methods, remove all thfe 
latgef pieces of debris and rocks from samples' 
gollected, clean catefuly,' and discard before the 
sani|f)le is stirred or agitated. 

Tfhe artificial substrate samplers are placed in - 
a bucket or tub of screened water and are 
dismantled. Each individual piece of siJbstrate 
material is shaken and then cleaned gently under 
water with a soft brush ta soft gra^e-oF t po tl 



brush is excellent), -examined visually, and lai 
aside. The water in the bucket o/ tab is then 
poured through a U. S/^tandard No. 30 sieve to 
remove the fines. 

4.2 Preservation 

Fill sample containers no more than one-half 
jjfoll of sample material (excjusive of the preserv- 
^ative). SupplementaKsample containers are used 
for samples with ' large volumes of material. 
Obtain ample nuhiBer's and kinds of sample 
containers before tlje collection trip: allow two 
or three l-Uter containers per grab sample, a 
- 1 -liter container for most artificial substrate - 
: samples, and 16^'dr^m screw-cap vials for miscel- 
laneous collections. 

Pre^rve^the sample' in 70 percent ethanol. A 
70 percent'ethanol solution is approximated by 
filling the 7 one-half-full bottle, containing the 
sample and a'|mall amount of rinse water, with 
95 percent ethah^K^Do not use formalin. 




pte Jabels of wa'ter-resistant ^paper 
and place inside the sample <:ontainer. Write all 
informatibn on the label with ^oft-lead pencil. - 
Where tlfe volume, pf Sample is §o g!^g.t* t'l^^ait 
*sevpral ^co;ntainers are nejeded,'-.d?llditional 



external labels with the log number and 
notations such as^ 1 of 2, 2 of 2, are iielpful fdr 
identifying sample containers in the laboratory. 

Minimum information required on the sample 
label is a sample identification (log) number. 
The log number identifies the sample in a bound 
ledge'r where .the name ofo water body, station 
^number, date, sampling device*' use^l^name of 
sample .collector, substrate characjteristics, 
depth, and other environmentaynformation are 
placed. . 



4.4 Sorting and Subsampling 

For quantitative studies, sort and pick all 
samples by hand in the laboratory using a low-j 
.power scanning lens. To pick organisms'' 
efficiently and accura:tely^^dd only very small 
amounts of detritus (no more than a heaping 
tablespo on full) to standard-sized (25 X 40 X 5 
cni), wliite enahiel~^aifs''filled abproximately 
ipne-third full of water,, SmaUJins^fe and worms 
will float free of most .debris When, ethanol- 
-preseryed samples are transferred to the watel- 
filled pan. 

Analysis time for samples containing 
excessively large numbers of organisms can be ' 
•^substantially reducedjjif the satnples are sub-' 
divided bgfore sprtin^Pie sample ^s thoroughly 
mixed and distributed evenly over the bottQKii of 
a shallow tray.* A divider, delineating one-quarter 
sections, is placed in a. tray, and two:opposlte 
^cjuarters are sorted, The^ two remairting quarters 
are cpmbmed and^stot;ed. for future reference or 
discarded (57). The aliquot to, be sorted must be ' 
np s^iialler than one-quarter of the original 
sample; otherwise considerable e/ror may result 
in estimating the total numbers^of oligochaetes 
or other organisms that tend to clump. The ssftne 
procedure' may be foflowed' for individual 
taxonomic groups, such as midges; and \yor17ft, > . 
that may be present in large kumbers. ^ " 

^Numerous teclipiques other than hand-pickinjg 
hav€ been proposed ^o recover organisms from 
the sample, including .sugar solutions, salt solu-" 
tions, st Alp; efectricity for unpresgrved ^mples 
in^the fi^, b^J^bjirtg ^ftr throu gh sample in^ a 
tube, etc. The efficacy -x^f tiie§«. techniques is 
ffffscted both by the dhara(iten^t«^ of ±he''sul>^ 
sfrate material and th© typeS or;^or^n^rlis. N© 
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technique,' or combination- of tecHniques, will 
completely *sort_ out ' or make m,9re readily 
discernible all types of orgaiiisms from iill types 
pf substrate material. In the end, the total 
sample must be examined. If techT],;^^ns are 
routinely conducting the • picking '*<J|^ration, 
these techniques may lead to overconfidence 
and cTareless examination of the remainder of the 
sample. If used with proper care, such aids are 
not, objectionable; however, they are not recomr 
mended as.standard techniques. 

As ojganisms are picked from the debris, they 
shoufd' be sorted into major categories (i.e., 
insist orders, molluscs, worms, etc.) and placed 
into vials containing 70 percent ethanol. All vials 
from a sample should be labeled internally with 
the picker s name and the lot number and kept 
as a unit in a suitable container' until the 
organisms are identified^ and enumerated, and 
the" data^ are recorded on the bench -sheet^. A 
typical laboratory bench sheet for fresh- water 
samp^es^is sho\a/n in the Appendix. 

4.5 Identification v . 

The taxouomic level to which animals are 
identifiecl depends on the needs, experience, and' 
available] resources. However, the taxonomic 
level to which identifications are carried in each 
major group should tie constant throughout a 
given study. The accuracy of identification will 
depend greatly on the availability of taxonomic 
literature. A laboratory Jibrary of basic 
taxononilic references is essential. Many of the 
basic references that.^hould be available in a 
benthos laboratory ' are listed at the end of the 
chapter. \ v. 

For comparative purposes and quality control 
checks, store identified specimens' in a reference 
collection. Most identifications to order and 
family can be made^under a steredScopic 
microscope (up to SOX magnification). Identifi- 
cation to gentfs and species often requires a com- 
pound microscope, preferably equipped with 
phase ao^itrast (10, ^ and lOOX objectivesi^^of 
No'marski (interference phase) optics;- 

To make species identifications, it is often 
necessary, to mount the entire organism or parts 

.... nj^^ : ^ /, - . . 



thereof on glass slides for examipa^tion at. high 
magnification. Small whole insects or parts- 
thereof may be slide-mountfed directly rfrom 
water or 70v percent, ethartbl preseiyatiye if CMC. 
mounting media is used. Label the slides 
immediately with the sample log number and 
the name pf the structureAmounted. Euparol 
mounting medium rrtay.be pl^ferable tQ^CMC 
for mounts to be kept in a reference collection. . 
Place specimens to be mpunted in Euparol in 
95 percent ethanol before mounting. 

To clear* opaque tissue, heat (do i)ot hoi\) in/a 
small crucible (5-ml capacity) containing 5 to FO 
percent' IC'OH solution - (by weight) until' it 
becomes transparent! The tissue can be checked 
periodically under a stereoscopic microscope to 
determine iHt is sufficiently cleared. Then trans- 
fer the tissue stepwise to distilled, water and 9^ 
percent ethanol for 1 minute each and rnount 
with CMC or Euparol. SevewfT different 
structures can be heated simultaneously, but do 
not reuse the KOH solution. 

* 

The above methods work well for clearing and 
mounting midges, parts^of caddisflies, mayflies, 
.stoneflies, other insects, crustaceans, and 
molluscs; however, worms, leeches, and turbel- 
larians require more specialized treatment before 
mounting (10, 47). * ' ^ ' 

Larval ins^s often com««l^ the majority of 
macroinver*ebrates cG^cted in artificial 
substrate samt^lers and wttom samples. In 
certain casesj identifications are " facilitated if 
» exuviae, pupae, and adults are available. Collect 
exuviae of insects with drift nets or by skimming 
the water's surface with' a small dip net near the 
shore. Obtain adults with sweep nets and-tent 
traps in the field or rear larvae to maturity in the 
laboratory. • ^ 

Th& life history stages of an insect can be 
positiyely^sspciat^d only if specimens. are reared 
individually. Rear small, larvae individually in 6- 
to 12-draTTi vials half filled with stream water 
and aerated with the us^ of a fine-drawn glass, 
tubing. Mass' Tearing can .be carried out by- 
'placing the larvae with stioKs and rocto in an 
aerated aquariuip. Use. a magnetic stirrertinside 
of the aquarium (4 1 ) to provide a'currenft 

' ... ' ^: ■■ /. / V.,. 
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' 4.6 Bidtmass . ' . 

MacroinyeftejDratfc biomass iCweight" or-<' 
organisrns pet unit, area) is a u^ful quantitative 
estimation- of standing crop. To tietermihe wet ^ 
^eights, soak_the organisms in distilled water for ' 
'%0 minutes, centrifuge for 1 minute at 140 gin ^ 
wire.,niesh cones, and weigh to the nearest 0:1 
mg. Wet weigm, however, is not recommended 
as a useful parameter unless, by a determination 
of suitable conversion factors, it can be equated 
to dry weight. 

-To obtain dry vyeight, overi dry the organisms ' 
to a constant weight at 105°C for ^rhoursnor ^ 
vacuum'dry at lOS^C for 15 to 55lmlhtrtes*SV 

^ 1/2 atmosph^e. Cool to room temperature in a" ' 
desiccator aq'd' weigh/ Freeze dryfng (-55°C, 10 
to 30 microns pressure) h^^ advantages over oven 
drying because the orgariisms remain intact for 
further identification and reference, preservatives 
are not needed^ and cooling the material in 

' desiccators after drying is not required. The 
main disadvantage of freeze drying is the length 
of time (usually 24 hours) required for drying to , 
a constant weight. 

To completely incinerate the organic material, 
ash at 550°C for H hour. Cool the ash to 
ambient temperature in a desicc^r and weigh 
Exp^ss the biomass as'ash-free d^ weight. 
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5,0 DATA ^VALUATION 



5.1 Quantitative Data 

• . . ^ ^ -.^j" ■ : ■ 

5 J. I Reporting units 

Data fnom quantitative Jiamples may be used to 
obtain: * . 

• total * standing crop of individuals, or 
biomass, or both per unit area or unit 
voUime or sample unit, and 

• numbers of biomass, or .both, of individual 
taxa per unit area or unit volume or sample 
unit. 

Data from <iuantitative sa'mples may also be 
evaluated in the same manner as discussed fof 
qualitative samples in part 5.2. 

For purposes of comparison and tp provide 
data useiFul for determining prQj(Juctionj, a 

. i: 



Lifliform^conVentioiinmst 'be qst^hjiJlted f6r thf?; 
•units of datayrepor^ed. ¥^6r thi^uypo?;e,'^E 
biologists should, ajflhere tp the /olloWng units: 

. ■< *^ />^:( 

. • Da^a from devices sam^link a^unit area of 
. , bottom will be teportp^n^' grams cirv 
weight or ash-free dry weight' per squa** 
meter (gm/m^), or numbers of individuals 
per square meter, or br>th! 
• Data from niultiplate samplers will be 
^reported in terms of th?. total surface ^area 
Y the plates in grams dry weight or ash-free 
fry . weight or numbers of individuajfi' per 
^square meter, or both. 
^;dPata from roi:k-filled basket samplers will 
"^^eported as grams dry weight or numbers 
ofTndividuals per sampler^ oV both.. - ' 



5.L2 




crop and taxonomic cornposh 



Standing 
. ..tipn 

Standing 
munity^re 

perturbations resultin^bm the introductfon of 



)1) and numbers of taxa iaja4;om- 
highly se^^tive to- envirO^pntaf 

contamin^ts. These parameters, particularly 
standing crop, may vary considerably in 
unpolluted habitats, where they may range from 
the typically high standing crop of littoral zones 
of glacial lakes to the sparse fauna of torrential 
soft-water -streams. Thus, it is imp6rtant that 
.comparisons; are made ohl^ between truFy com- 
parable environments. Typical responses of 
standing crop or taxa to various ty4>es of. stress • 
are: ' jo^ . 



- , • • . \ 

Standing' crop xr i ' r 

Stress (numbersor Number of 

. '• ^ biomass) ,^ ^^'^^ 

Tox.ic sul?stance Reduce V . . . . . . "^Reduce ^ 

Severe temperature 

alterations . Variable . . . . . \ . - . Re^iicc" 

S*'* • ♦ J^educe Reduce 

Inorganic nutrients . i\ Inpre^se Variable - 

^ ^ 4 • often no 

detect- 

• " ' *■ ' able 

change 

Organic nutrients . , 

(highp2 demand) . •. .... Increase . i-. Reduce 

Sludge deposit? a * 

(non-toxic) . Inereasc Reduce 
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' ' ^"te 4 Lb.e orfixed and ^.y vyy depend-' ^^^^^^^^^ T^ZTill^ 

.•a com^^Inatio. of stresses,a&ting together "oV / ment ^^^J^j^^^^ '^ '^"'"^ 
. . in opiyosition, ■ other speoies a competitive advantage. 

• indirect effects, such as for example the The investigator must be awar^ that there are 
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^destruction of highly productive vegetativQ 
^substrate, by temperature alterations, sludge 
deposits, turbidity ,:'^chemical weed control, 
^# the physical characteristics of the stressed 
environment^ ^rticularly in relation to sub- 
strate and current velocity: ' •> 

Data on standing crop and numbers ^^^^ 
may be presented in simple tabular ffrM^o^ 
pictorially With bar and line graphs?^ pie 



diagrams, and histograms/ Whatever the method , 
of presentation, the number of replicates and 
the sampling variability, must be shown in the 
tables" or graphs. Samt^ling variability may be 
shown as a range of Values or as a catetilated 
standard deviation, as. discussed in the 
Biometrics Section of this manual. ' 

Data on standing crop and number of taxa are 
amenable to simple but. ppwerful statistical 
techniques of evalua'tion, Under grossly stressed 
situjitions," such ariplyses, may be unnecessary; 
however, in some cases, the effects of environ- 
mental perturbations may be so suhJ:le in co: 
• parison with sampling Variation thaLstatisti. 
comparisorrs^re a helpful and-necess||/ tool for 
tjvc evaluative process.. For thj^purpose, 
bi61o#s^--^^^^ studies of macroinverte- 

brates should faWiarize themselves with the 
simple'- statistical fools discussed in the - 
Biometrics Section of this manual. 

5.1.3 Diversity 

■ diversity . indices are an. additional tool for 
measuring the 'quaUty of the environment and 
the effect of induced stress on fhe structure of a 
community ojj macroinvertebrates. Their use is' 
based on%(he generally observed phenomenon 
that relcttively undisturbed tnvironmeh^ 
support communities having large' numbers ol 
species with no individual species present in 
. overwhelming abundance. If the species m such 
a communiiy are ranked on the basis d1^, their 



naturally occurring ^£eme ^vironments m 
which -the ■ diversitiP^f ' macroinvertebrate 
communities may be TfiS^ras for example the 
pro fundal fauna of^ deep lake or the- black , 
fly-dominated commynities of the high gradient, 
'bed rock section of a torrential stream. Ft<«her- 
more, because colonization is . by chance, 
diversity may'be highly variable in a successional. 
.community; for this reason, diversity indices 
calculated from the fauna of artificial substrate 
samplers must be evaluated with caution: These 
confounding factors can be reduced byjJqmpar- . 
ing diversity in similar habitat? and by exposing 
artificial substrate samplers long enough for a 
relatively stable, climak community to develop. 

■ ^ S S"" S-l 
^ "indices, such as^jq- -j;;^. where 

S = niimbe'r of taxa and N = total number of 
individuals, are merely additional means ofsum- 
maiizing data on total numbers and total taxa in 
a" Single numerical form fqr evaluatiprf='Ti^ 
summarization. They add no new dimension tto 
the methods of data presentation^ and .aJi^al^s 
discussed above and,, in addition\ are highly 
influenced by sample sizfe. Sample siz^ in this 
context relates to the total number of onanisms 
collected (an uncontrollable variable fi most 
-^teaacroinverteijrate sampUng)', not to thi area or 
•v^lurpe of habitat sampled. Do not use such 
indices for summarizing arid evaluating data on- 
aquatic macroinvertebrate c(jmmunitiep. 



There 
diversity : 



are 



two • components (of species 



# richness of species^ > ' 

• distfibutj<jn of individuals among the 

species. . > - ^ ,> 

It is immediately obvious 'th^t the second 
componefrt adds a new dimension that was not 
considered in Hhe methods for evaluating data 



Sssed <jb6ve. The distribution oTnhdivi'auals Xi; 
) among the •§*pecies may" /be readily ji>resented'iif3 ' 
\ frequency' distribution tables Or graphs; but' for 
Vany appreciable \i,imber of samples, such ' 
methods of-presentation are so Volumino^us-'that *. 
they are virtually >imposs(bl^ to comy)axe and" ' 
interpret.^ " / * / ■ 

^ Irftices of divef^rsity based on information 
theory, a^ originally propdsed by Margalef (39) 
and sti^bsequently utilized by numerous workens, 
include\both components oftspecies diversity 4s 
enumejated above. Additionally, a measure -of 
the component of diversity due to the distribu- 
tion ot Individuals among the species can readily 
be extracted from the qverall index. For 
purposes^l\ uniformity,. tiV^j Shannon-Weaver 
function is\ provisiprtfilly recommended .for 
calculating me'^aoliversi y d. . 

. The machine formu a presented by 
Zar, and Karr.(34) is: 



•mXcroinvertebraie species diversity 



N Jog, 0 N = 222.0795 (from Table 5) 

2 hi log, 0 hi =13971391 "V-' 

3 3^1928 
' — ^^^^(222^.0795 



. 109 
= 0.^476 X 82.9404 




139.1391) 



e is affected 
the distribut 



Lloyd, 



d='j;j(Nlog, 0 N-S ni log,'o nj) 



wRere .C = 3.321928 (corWerts base 10 log to 
tiaae 2 [bits]); N = total number of inSividuak; 
and nj = total number of individuals in the ith 
species. When their tables (reproduced in'T^ble 
5)' arc used, the calculations; are simple ari'd 
.straightforward, as . shown - by tbc following 
example: / 



Number ai." individuals 


nj log,o nj 


ill each taxa ( nfs), . . 


iirpm Table 5) 


. . 4! . 


66..1'241' 


•5, 


3.4949 


■ 18 


22.5949 


.-'■3 ■ ■ 


■ 1.43r4 


.1 


' .0000, 




29,5333 


1 ' 


.0000 


2- \ 


' . .602 1 




12.9502 


4 A. 


. 2.4082 - 


Total J 09 ' ^ 


•.139.1391 

* 


Total number'-ot taxa. 


s-= fo 


Total number of individuals, . N =' 109. 
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Mean diversity, d, as cailci^ateo 

^ o^th by richness^f ^species' an( ^ ^ 

. tion of individuals among the species arid may 
range from zero to 3.527923 log N. ' , ' ^ . 

Tq evaluate the component\of diversity dije to 
the. .distribution of individuals among the 
^ species, compare the _^ calculated d" with a 
' hypothetical maximum d based^on an arbitrarily 
selected distribution. The mea§yre op 
redundancy proposed by;;Margalef-(39) is based, 
on' the ratio between d and a^ hypothetical 
iliaxinium corpputed^as though all species Were , 
equally 'abundant. In nature, equality of species , 
^is ^quite unlikely, so' Lloyd an,d Ghelardi (33)' 
proposed the term "equitabilit^' find compared 
p" with a rnaximum based on the distributkfn- 
obtained from MacArthur's (36). broken stS 
model, the MacArthur model results in a distri/ 
butioTi quite^^quently observed in nature 
one with a few^ reJatrvely a^bundant species anr! 
'increasing numbers qf^^pecies represented hj, 
, only a few individual&.!v6ample . data are not' 
^expected to conform to the.MacArthur model, 
since it is only being^'used^as a yardstick against 
which the ^distribution of abundances is beiiig 
compared. Lloyd and Ghelardi (33) devised a 
Mable.= for determining equitability by comparing^ 
the number of ^ecies (s) in the sample with the... 
number of species expected (s') from a com- 
munity that conforms to the MacArthur model. 
In the table (reproduced as Table 6 of this 
Secfion), the proposed measai?/of equitat^ility 



is; 



e 



where s = number of taxa In the sdmple^nd s' = 
the^ tabulated value. ^ For, the example given 
above (withiaut interpolation in the tabfe):* 



'e ^ — 



1%=0.8. 
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iditahility. "e,'' as calculated, may range 
from P to l,excei5t in the unusual situation 
where the distribution ^in the -sample is. more 
equitable than the distribution resiilting from 
' . the MacArt^ug model.' Such an eventuaUty will 
'^^Tesylt in values' of 9 greater 'than ^ 1,- andUhji? 
occasionally occurs i© samples containing only a 
few saagpimens with several taxa represented 



EKLC 



schemes advanced for ih^ analysis of qualitative 
data may be grp»ped in two .categ^jes:" 

5\2.i Ihdic^or-or^anism s^^ 
^ For this technique, individual- ta^a 
classiified" on the basis, of Jh^tolerai 
intolerance to - various levels^f ' pvltoL^^ — ^ 
^wastes (4, 5, ^0, 4^ 48V Taxa We'^lasSifid^ 



Themnale of d and e improves with increased ^ According to theur/fresen* or abseilce m di 
sampWsize, and saWple^ containing, less than ^rent.;^nvironments aS-^^ fielfl 
lOO spe-cimen.^^^^^^^ studies, Bfeck (6) reduced data based on the 

^ ' presepce or absence of mdicafor organisms to a 

simple numerical form for ease in presentation^ 



'if at all. 

^ When Wiihm (59) evlMu^ted values ^calculated. 

cfroih data that n.umefous authors had collected 

. from a variety of polluted and undiluted 
waters, he.found that in unpolluted wateYs d Was. 

,\ generally between 3 and 4, whereas in polluted 
• water, 3 was generally less than 1.'. However, 
coltected data',f#om southeastern U.^^. waters by 

' EFA biologists has shown that where degrada- 
tion is-at sliglijt to moderate levels, d Jacks the 
sensitijtfj/?-to demonstrate differences, Eqilrt- 
abilitjS^ the contrary, has been fouiifd to be 
very ;slnaBve to ^en slight levels of degrada- 

- tion. Equitability levels below 0.5 have not been ; 
encountered in southeastern streams known to 
be unaffected by oxygen-demanding wastes, and 
in such'streams, e. generally ranges feetN^en 0.6 ^ 

/ and •O.K: Even sUght levels^of degi^a^n have 
been found to reduce equitaSflity below Q.5 and ^ 
generally to a range of 0.0 to 0.3. / • 

Agency, biologists are^encouiraged to calculate . 
both mean divd^sity d andfequitability e^for 
samples collected in . the course of macroinverte- 
^.b^ate studies. (It the mean and range of.valup^ 
found by different, sampling methods andjindter 

of pollution^ are 



5'Z-2 Refierence station methods 

Q)mparcUivf' or control station niethodst^ 
dompatre theTqualitative characteristics -of tlie 
f^un^ in clean water habitats with those 6f 
fauna in habitats' sufeiecl to stress. Patrick (46) 
cpmparpd stations' o^the b^sis of 'richness bf 
spedes and WurtxjjCTf used indicator organism 
in comparinf station^." ^4 . . " 

If adequate background data are available 
fan ■ exiJeiienced investigafor^ both of tTh'ese teih 
Oiques can prove quite^ uij^l-particularly f^^ 
the purpose of demoristratting the effects I of 
gross to moderate orgahic contaipinatiqn onjthe 
^madoinvertebrate community. To 'detect niore 
subtle changes iii' the macroinverl;ehrate com- 
munity, collect quantitative data on numbers ol^/ ^ 
biomass of grganisms. Data on the presjence of . 
tolerant and intolerant taxa and richness of 
species may.be effectiyW/ summarized for ev^^. 
atioii Wd presentation 'by means of line gratis, 
* bar graphs, pie diagrams, histograms, or ^ictoral 
diagrams (27). " "y 

The classification by various authors ofvcpv&^r^ 
sentative ma'croinvertebrates. accoidiiisjo Jheif 



Reported Irme^toS -M ibteWee of organic %stes is pr^sentedTi^^ 

S chta U. be included in ftabular fofm in ;:;?. In most <^es, thelaXon^ 
future revisions of this Section.) 



5.2, OiiaUtative Data 

* .■ . ■ ■ ■ , . • 

: As previously de 
"from samples collec 
■' estimate of numeri 

• bfe calciilated. The o 
taxa collected in the 
environment Joeing 



l^_q;u4lifative data result 
;h a^m^ner that no 
«»«anceW bioma^^can 
^lut consists of .^nist of 
various habitats of the 
studied. The numerous 



lised in the table is-tttaf . of the ori^unal amhb^S,^^^^ 
The poUutional classifications of the: authors ; ! * 
^ere"^ arbitrarily placed in 'three eategorjfes. r- . 
•jfplerant, facultative, and inWerant defined as:^^ 
follows: • . / • ; 

: • Tolerant; jOi^fe^ frequei^tly associated v>V 
- with grosp organiQ tontaniination and: " ^ 
generallic_pat)able . 0? thriving-, under "' " 
anaerobic conditiOns.\ • • - 




MAGROlNVERTEBRATeiNblCATOR^ORGANISMS 



. i • Facultative: Organisms ^ving a wide rai^ge 
/• of tolerance and- frequently .are associated 
.. , f "withr moderate levels of organic contarrjinaa- 
^ tion/. .V.^, ^ 
^fH Intolerant? ,0]fg^nisms- tK^ rioj'^ found 
^ associated with even Vmoder^e Mevels of 
• organjc cont^minarit^^ and ar6 getii^ly 
\. - injoleraht ^of *even ri^^^ rettuctipns Vn 

. ^ 7 dissolved oxyge V v' . ^ 



,^ _ . ^ivalyating qualitative ^ka irr terms of 
that, contained in Table 7, the 
'^T^^tigatbr s^hoiijd keepi in mind the; pitfiUs 
^giitioned earliet, as well a& the'followirig: * ' 



•it;." 



!i, .f ;5ince tolerant species mqy be fouhd.ih both ^ 
^ clean artd deigradedrhat?itats, a sjmpje retard 

of tlfeir'^es^npe-or,^ a^ of np.signifi- . 

> cance.^ ^V^^c^^,rthQ jndic9torVorTgan|,sm--C 
techni^e.0aii-^p positive 'e^iclence^f 

t)nly^*oae con ditiji3n -clean- w^ater-arid this^ ■ 



as 



intolerant -arci 



>oily i^'^axa -'alassified 
^ cpjl(ectea;.^AYi exc^ to this mle WpC Id 
occur; vifhejeserisfilive species ma^* ht, totdMy 




^absent bec;iuse of the discharge of toxic 
substance^or^ .waste heat. ' - . 

> .Because evaluations are based on the mere , 
presence, pf absence pr orgasms' a* single 
specimen' has 'as much weight as;.alargfe." 
population. Thereft)re; aata/pr%ie original ' 

; classification and from, field studies may be 
-biassed by the- drift of organisms into the 
Study area. ' ^ ■ 

> The presenQe-or.absehSe^f a particular, fax'a 
may depehd^ore, on^c^iaracteristrcs^or the ' 
environment, such'as velocity and subsJ^^te, 

- than oh the level of dagr^datipri _by organic 
•wastes.,This dfffects both the driSbal place- 
hient of the. - taxa ^ in , the cfflMflgatory - 
scheme aifti/its' presence Mil stiic^^anflples. ■ 
Tjechniquev* is totally ' subjective 'and qui te 

> dependfe'nt^'upoh s^kill-and^xpfrience ofv • 
th^ individual iVho makes the^fi^ld collec-, 
tions.^Jherefore,''resu(fs<)f. one investigator, 
are difficult; tp "compare With thoset. of " 
ano;ther, particularly Where d^ta are sum- V 
niarized in ah index such as that proposed' ' 
byB^ck(6).; . V * .: 
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TABLES. FUNCTIONS FOR CAL()ULATING 
SPECIES DIVERSITY AND^FOR PER- 
FEaLY RANDOM SAMPLING) ITS STAND- 
ARD ERROR LOGARITHMS ARE TO BASE 
10. TABLE' VALUES ARE ACCURATE TO 
WITHIN ±1 IN THE EIGHTH SIGNIFICA^ 
J^IGURE. (REPRODUCED WITH PERMISSION 
TROM LLOYD, ZAR, AND KARR, 1968.) ^) 



n 


lof^n! 


nlogn 


n log' n 


n 


lop! 


nlo!;n 


nlog'n 


1 


m 


' .0000 


,0000, 


14 


I0,94M 


16,0458 


18,3905 


2 


.3010 


.6021 


,1812 


15 


12,1165 


17,6414 


20,7479 


5 


.7792 


1,4314 


,6829 


16 


13,32M 


19,2659. 


23,1985 


4 


1.3802 


2,4062 


1,4499 


17 


14.5511 


20,9176 


' 25,7381 


5 


2,0792 


3,4949 


2,4421 ) 


i;^ 


15.8063 


22,5949 


28,3628 


5 


2,8573 


4,6689 


3,63JI ^ 1 




\ 17.0851 


24,2963 


,31,0690 


7, 


3.7024' 


5,9157 


4,9993 


20 


18.386P 


26,0206 


33.8336 


8 


4.6055 


7,2247 


6,5246 


21 


19,7083 


27,7^ 


36,7135 


9 


5J598 


8,5862 


8,I9J2 


22 


21,0508 • 


.29,5333 


39,6462 


.10 


6.5598 


10,0000 


10,0000 


23 


22.4125 


31,3197 


42,^90 


11 


7:6012 


11,4553 , 


11.9295 


24 


23,7927 . 


33.1251 


45.7196 


12 


8,6803 


12,9502 


, 13.9756 


25 


25,1906 


34,M85 


48.8559 


13 


9.7943 


14,4813 


16.1511 


26 


26,6056 


36(893 


52.0559 



jj 


lo^nl 


nlop 


n log* n 


27 


28,0ip 




\\ 11*77 


28 


29.4841 i 


4fl.52()|f 


38.6393 


29 


34,9461 


42,4095 


him 1 


30 


32.4237 


44,313f> 


f* 4lf£ 


31 


3l9l50 


46.2322 ' 


68,9490 


32 


31,4202 


4{1JG48 


72,4952 


13 


36,9387 


in 1 1 in 

30.1110 




J4 


38,4702 


52,0701 


79.7.44) . . 
83.4451 ' 


13 


40,0142 


14,0424 


M 


41,1705 


if^ Me A 




JI 


41,1387 
44,7181 


Ifi AOlI 

18,023} 
60.0318 


94.8372 ' 


» 


46,3096 


62,0!lll 


9B./i80 


^ 41 


47,9116 A0624 
49,1244 / 66,t241 


I0(i,()4j9 




11.1477 


68.1761 


llD.oo/l 


4J 


12.7811 


70,2M1 


Hi till 

114.7334 


44 




72,3119 


1 in Hi in ^ 

1111,8412 A 


4) 


16,0778 


74,3946 


122.9900 


4fi 


17.7406 


76,4869 


u7.179l 


4J 


59,4127 


78,5886 


lji.W/0 


48 


61,0999 


80,69% 


141 cut 

133.6733 


4^ 


62.7841 


82,81% 


139.9914 


til 

J 


164.4831 


84,9481 


144.3230 


Ml 


C 66,1906 


87,086! . 


, 1487036 


12 


67,9066 


89,2322 


133.1227 


JJ ■ 


69.6309 


91.3866 


137.5/3/ 


M 


71.3613 


93,1493 


162.064^ 


U 


71,1037 


9].7199 


16o.j674 


K 


74,8519 


97,8985 


171.1430 


57 


76,6077 


100,0849 


I75.73S5 


M 


78,3712 


102,2788 


1B0.361J 


39 
CO 


80.1420 
81,9202 


104.4803 
106.6891 


18).0I91 
189.7093 


61 


83.7051 


, 106.^51 


194.4316 


62 


85,4979 


lll<K83 


199. loM 


6) 


87,2972 


113.3185. 


oni flin< 

Wm 


H 


89.1014 


111.5955 


AAA inf4 

206.7863 


63 


90,9163 


117,8394 




(6 


' 92.7359 


120.0699 


218.3066 


6) 


94,5619 


122,3470 




68 

, 69 


96,3945 
98,2333 


124.6106 
126,8306 


228,3500 
233.3143 


JO 


100,0784 


'129.1569 


238.3071 


71 


101,9297 


131.4393 243.3282 


72 


103,7870 


133.7279 ■ 


248.3772 


7! 


105.6503 


136.0226 


253.4540 


74 


107,1196 


138.3231 


258,5580 


7) 


109,3946. 


140,6296 


263,6891 


76 


111.2754 


142,9418 


268,8469 


77 


113.1619 


145,2598 


274,0312 ■ 


78 


115.0540 


147,5834 




79 


116.9516 


149.9121 


28(4781 


80 


118.8547 


152.2472 


289,740! . 


81 
82 


120,7632 
122.6770 


154,5873 
156,9327 


295,0275 
300,3400 


83 


124,5961. 


159,2835 


305,6774 



n 
84 



log n I 



"Ml 
104,0006 



1(0,7382 
j7!,l!45 
173.4957 



126.5204 
81 128,4198 
'86 110.3843 

87 132,3238 

88 , 134,2683 

89 . 136,2177 
' 90 ■ 138.1719 

91 ItlllO 178.2728 

92 142.0948 

93 .'t. 144.0632 

94 146,0364 
91 i. 148,0141 187.8837 
% 149.9%4 190.2980 
97 131,9831 192,7169' 
96 113,9744 191,1402 
99 115,9700- 197,5679 

200,0000 
202,4365 
204,8772 
207,5222 
209,7715 
212,2249 
214,6824 
217.1441 
219,6098 
222,0795 
224,5532 



104 

105 
106 



112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 



139,9743 
161,9829, 
163.9938 
166,0128 
168,0340 
170,0593 
172,0887 
174.1221 
176.1595 
178,2009 
180,2462 
182,2951 
184,3481 
186,4014 
188.4661 
190,5306 
192,5988 
194,6707 
1%,7462 
198(8254 
200,9082 
202,9945. 
205,0644 
207.1779 
209,2748 
211,3751 
213,4790 
215,5862, 
217,6%) 
"519,8107 
221,9280 
224,0441 
226,1724 
228,2991 
230,4298 
. 232,5634 
234,7001 
236,8400 
238,9830 
241,1291 



jilog''n 

iTiTii 

116,4' 
321 ,f 
327,2709 
332,7291 
3?8,2108 
343,7157' 
349,2437 
354,7946' 
360,3680 
365,%40 
371,5821 
377,2223 
382,8844 
388,5682 
394,2734 
400,0000 
401,747; 
411,5164' 
417,3059 
'.423,1160 
428,9466. 
434.7976 
440.6686 
446,3597 
452,4706 
458,4013 
464,3514 



229,1124 
231,9979 
234,4872 
236,%03 
239,4771 
241,9777 j 
244,4821 ( 
246,9901 
249,5017 
■232,0170 
254,3359 
257,0583 
259,5843 
262,1138 
264,6467 
267,1831 
269,7229 
272,2661 
274,8126 
277,3625 
279,9158 



476,3098 
482,31/8 
488.3447 
494.3903 
300.4550 
506.5380 



518,7594 
524,8974 

331,0533 
537,2275 
343,4194 
549,6290 
555,8561 
562,1007 
568,3627. 
574,6420 
580,9383 
587,2517 

1^58 'm\ 

imi 599,9292 



285/32(1 

287,5951 

290,1613 

292,7307 

295,3033 

297,8791 

300,4579 
U 



606,2930 
612,07351 



625,4837 
631,9134 
638,3592 



14) 
147 



110 
|]| 
IIZ 
IM 
IH 
lU 
IK 
\il 

m 



!♦! iDim am 
m 2ii.m ma 

HJ 24J.M60 mmi-6M,MJ7 

M4' 249,7«3 , 3|0,8W2' 67o,B2j| 

,25I,!I057 'J|J,J9M 677,K92 
W 315,9955 683,925« 

23«,23)4 318,5956 MM" 
W ?M.«76 • 321,1987 ,^ 697,()853 

H? 2(if,)a(ll 323,8Wi 703,61180 

m 326.<I37 710,3060 

■264.9359 329,0235 llim 

.267.1177 JJl.Mfl2 ' 723,5871 

269.3024 534,2378 730,2301 

271,4899 , 336,8782 736,9280 

273,680! 939,5014 74j,62fl7 

275,8734 ' 342,1274 730,3281, 

278.0693 344,7562 * 757,0501 

280.2679 347,38)8 783,7867 

139 N 282.4693 , 330,0221. 770.5377 

IW 284,6755.' 352.6592 777,3032 

HI 286,8803' 355.2990 ' 784,0630 

162 , 289,0898 337,9414 790,8770 ' 

163 291,3020 ^ 360,5866 797.6852 
IM. 243.5l6i 363,2344 804.507^ ■ 

' l«l 295.7345 , 365,8819 , 811,3438 ■ 

■ 166 ^ 297.9)44 ■368,5379 818,1941 

l« 300,1771 . 371,1936 825,0582 

^. 168 ,» 302,4024 373,8520 831,9362 

304,6303 376,5129 838,8280 

306,8608 379,1763 845,7334 

309,0938 381,8423 852,6524 

•311.3293 ' 384,5109 859,5850 

■3I3,3<^4 387,1820 866,5311 

174 315,8079 389,8556 673,4906 

17) 318,0509 392.5317 880,4634 

320,29(3 395,2102 887,4496 

322,5444 397.8913 894,4489 

178 324,7948 400,3748 901,4615 

179 327.0477 t,«3,"2607 908,4871 

180 329,3030 «3,949l 915,5257 
331.-3606 408,6398 922,5774 
333,8207 411,3330 929,6419 
336,0832 414,0285 936,7193 
338.3ffi0 416,7265 943,80% / 
340,6152 419,4268 950,9125 
342,8847 422,1294 958,0282- 
345,1565 424,8344 - 965,1564 
347,4307 427,5417 ' 972,2973 
5W,7071 , 430,2513 979,4506 
35l,i859 432,9632 986,6164 
354.2669 4M74 ^93.79^6 
336,5502 Am 1000,9852 

193 ■ 358,8358 ^.\\k mm 

J94 361.1236 «3,83J5 l(|}5,403r' 

363.4136 446,5567 1022,6304 : 

365,7059 4(9,""'' iivxucm 




TABLE 5.,(Continued) 



119 
170 
171 
172 
17) 



177 



183 
IB4 
185 
186 
187 



190 
191 
192 



193 
'196 



1*7 368,0Cy3 452,0098 1037,1213 



n 

198 
199 
200 
201 

•■■-202'- 
203 
204 
505 
.206 
'207 
208 



' 211 
212 
213 
214 
. 215 
216 
217 
216 
219 

;220. 
221 
222 
223 
224 

' 225 
226 
227 
228 
/ 229 

230 

231 

"232 

233. 

234 

235 

236 

237, 

238 

239 

240 

241 

242 

243 

244 

245 
I 246, 

247 

248 
'249 

250 

251 . 
252 
' 253. 
254 



37a29rO 454,7,197~1044,3849 
372,5959 457,4718 1051,6604 
374,8969 mm 1038,9478 
377,2001 462.9424 1066,2471 
379',311M' 465,6810 1075.3583 
381.8129 ■ 468,4217 1060.8812 
384,1226 ; 471.1M6 1088,21)9 
^386.4343 ' 473.9095 1095,5622 
388,7482 476,6566 1102,9202 
391,0642 479,4059. 1110,2897 
39313822 482,1572- 1117.6709 
393.7024 484,9106 1125.0635 
398,0246 487.6661 lH2.467i 
, 400,3489 496,4236 1139,8829 
402,6752 493,1832 1147,3098 
405,0036 495,9449 1154,7479 
407,3340 498.7085 ||62.|f73 
• 409,6664 , 501,4743 .1169,6579 
412,0009 " 504,2420 1177.1196 
4143373 507.0118 1184,6126 
4I6.S758 509,7835 1192,1066 
419,0162 512,5573 1199,6116 
421.3587. 515.3330 1207.1277 
423,7031 518,1107 1214,6547 
426M94 520,8904 1222,1926 
'«8.3977 523,6720 1229,741) 
<30:7480 5264556 1237.3011 
433,1002 529,2411 1244,8716 
43\4543 532,0285 ' 1252,4528 
^371103 534,8179 1260,OH7 
440,1682 537.6091 1267,6473 
442,5281 5404023 1275,2606 
444,8898 543,1974 1282,8844 
447,2534 545,9944 1290.)J6)| 
W9.6189 548,7932 1 298,1637 
«l.9862 551,5939 1305,8192 
434,3555 554,3965 1313,483«\ 
.456.7265 557.2009 1321,1613y 
<59,0994 560,0072 1328.8475 
461.4742 562.8154 1336.3448 
565,62)3! 1344,2521 
«6.2292 / 568,4f)^ 1351,9696 
468.6094 571.2507 1359,6973 
<?ll.9914\. 574,0661 1367,4352 
<?3.3752 576,8833 1375,1833 ' 
<'5,7608 579,7(123 1382,9415 
<'fl.l482 582,5231 1390,7098 
«0,5374 585,3457 1398,4881 
<82,9283 588,1700 1406,2764 
485,3210 ^io,9961 1414,0747 
487,7154 593,8240 1421,8829 
<90.I116 596,6536 1429,7010 
492,5096 . 5994850 1437.5291 
^^Mj 602,318K 1445.3669 
497,310/ 605.1529 1453,2146 
499.7138 607.WV 1461,0720 
502,1186 610,8278 1468,9392 



HI: 

ERIC 



n 

255 
236 
237 
258 
259 
260 



263 
264 
265 
266 
267 



270 
271 
272 
273 
274 
27) 
276 
277 
;!7B 
279 



282, 
283 
28i 

in 

286 
287 



290 
291' 
292 
29J 
294 
29) 
296 
297 
,298 
299 
300 
301 
302 
303 
■ 304 
305 
306 
307 
308 
309 , 
310 
311 



326,2597 
328.6830 



lop! nkn niog 'n 
301.3232 613,6677 1476.al6i 
306,9334 616,5094,1484,7026 
309,3433 619,3338 1492,5988' 
511.7549 622,1979 |5fl0,3M7 
314.1682 625,0446 1508,4201 
i\m 627,8931 1516,343il 
518,9999 6W,;432 1524,3795 
321.4182 633,5945 1532,2234 
323,8381 636.4484 1540,1769'^ 
639.3034 1548.1397 
642,1602 1556,1119 
331.1078 , 645,018) 1564,11936 
m3344 647.8765 1572,0645 
335.9623 650.7401 1580,0847 
538,3922 653.6034 1388,0943 
M0,8236 656,4682 1596,1130 
Mim 659,3347 1604.1410 
345^12 662.2027 1612.1782 
348,1273 665,0724' 1620,2^45 

550.36) 1 667,9437 1628,2800 " 
533.0OH 670.816) 1636,3^6 
55).4453 673.6909 1644,4182 
)57.8878 ■ 676.3669, 1652.5009 
560.3318 679.4445 1660.5927 
362.7774 ''682.3236 1668.6934 
365,2246.' 685,2042 1676,8031 
367.6733 „ 688.0665 1684,9217 
570.1235 690.9702 1693,0492 

372.37) 3 693,8)56 1701,18)6 
)7),0287 696,7424 1709.3309 

1.6306' 1717.48)0 
I.3207 . 1725.6479 
382.3977 705,4121 1733,8196 
384,8)71 708,3050 mm\ 
587,3180 711,199) 1750.1893 
389,7804 mm 1758,3871 
592,2443 716,9929 1766.5937 
394.7097 719,8918 1774.8089 
5^7.1766 . 722.7922 1783.0327 
399,6449 725,6941 1791,2651 
602.1147' 728.5975 1799,5061 
604.5860 731.5023 
607,0588 734.4087 1816 
609,3330 737,3164 1824.2803 
612.1)087 ■ 740.2257 1832.5354 
614.4858 743.1364 1840.8389 
616.9644 716,0485 1649,1306 
619.4444 ' 748,9621 1857,4312 
621.9258. 751.8771 1865,7399 
6244087 ' 751.7936 1874,0570 
626,6930 757.7115 1882 3824 
629.3787 760.6306 1890.7162 
631,8659 ' 763,3515 1899,0582 
634,3)14 766,4736 ■1907,4065 
636,8144 769,3972 1915,7670 
639,3357 772,3221 1924,1337 
641,6285 775.218) 1932.5067 



377.1835 
379.9399 



1807,7537 



312 ilH4,3226 77B,i7rMi!)l8 

313 616,8182 781,1051 1949,2831 " 

314 619,3151 781,0359 ' 1957,6825 

31) 631.8131 786,9678 mm ■ 

316 654.3131 789.9011 1974.5056 

317 636.8142 792,8338 1982,9293 

318 659,3166 793,7718 199 |3610 

319 661,8201 798,7092 1999,8007 

320 661,3233 601,6180 m.im 

321 666,8320 801,5681 2016,7IH1 

322 669,3399 807,5296 2025,1678 

323 671,0191 810,1724 2033ji391 
K< 674.3596 813,1166 2012,1169 

32) 676,871) 616,3621 2050.6064 
326' 679,3847 819,3089 2039.1016 
327 681,8993 822,2)71 2067,6018 
.■>a 684,41)2 82),2066 2076.1137 
329 686,9324 628,1)7) 2084.6343 

' 330 689,4309 831,10% 2093.1611 

331 6pl,9707 ^ 834,0631 2101,6954 

• 332 694,4916 837,0178 2110,2375 

333 697.0143 839,9739 2118,7874 

334 699,5380 812.9313 2127.3149 

335 702.0631 645.6900 2135 9102 

336 701,5894 mm MM 

337 707,1170 851,8113 2153,0636 

338 '09,6460 8)1.7738' 2161.6518 
'339 . 712.1762 837.7377 2170,2477 

3« ™ - 860.7028 2178 8)10 

341 717.2«H 863.6692 2187,1620 

342 719,7711 866.6369 2196,0606 
34J ^722,3097 869,6059 ' 2201.7067 
344 721,8463 872.3761 2213.3403 
34) 727,3841 873,)476 2221,9814 

346 729,92)2 878,3203 2230,6299 

347 732,4635 881.4943 2239,2860 

348 735.0051 884.4696 2247,9495 

349 737,5479 887.4161 2236,6201 
330 710,0920 690,4238 2265,2988 

351 742,6373 893,4028 2273.9813 

352 713,1838 896,3830 2282.67?6 

353 747.7316 899,361) 2291,3780 

354 mm 902,% 2300,0858 

355 / 752,8308 905.3311^,6009 

356 755.3823 908,3162 23r?.5233 - 

357 757,9349 • 911,3026 2326,2531 

358 760,1888 914,2901 2334.9900 f, 

359 763.0139 917,2789 2343,7342 ' 

360 765,6002 9J0.2689 2352 1857 

361 768.1577 923.2601 2361.2144 

362 770,7164 926.2325 2370,0102 

363 773,2764 929.24^1 2378.7832 
361 773,8375 932,2409 2387.5634 
36) 778,3997 ' 933,2369 2396,3508 

366 780.9632 938,2311 2105,1453 

367 783.5279 941.2324 2113.9169 • 

368 766.0937 914.232p 2422,7556 



'C 



H 
W 

w 
w 

0 

s 

D 

< 

W 

I 

H 
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TABLES, (Cont*) 



Iflgn! nlogn niog'n 



m MM 

m nm 

m mm 

m mm 

m m.m, 

3H 801,511J 

. m f(M,0873 

}76 B06.5S2), 

. 377 809,2390 

. 378 aiuifis 

. 379 -^4.3952 - 

380 816,9749, 

381 ai9.3U9 
•382 822.1379 
k 824.7211 
314, 827.3035 
385 

386 832.4775 

^7 ' 835:0652 

388 837,6540, 

389 840.2440 

390 642.8351 
391' 845,4272 

392 . 848,e5 

393 850.6149 

394 853,2104 

395 . 855.8010 
H 3% 858.W7 

397 , 86I.0OJ5 

398 863'.6034 
359 866.2044 

400 868,8064 

401 871,4096, 

402 874,1 
403 

m ' 879.2255 

405 881.8329 

406 884,4415 



947,2327 
950.2346 
933.^377 ' 
956,2420 
959.2474 

965,2617 
968,2706 
97 12807 
974,2919 
977,3M3 
178 
83,3324 
^,3462 
1,3651 
992.3832 
995:4024 
'91)8,4227 
1001,4441 
1004,4667, 
1007,4904 
'1010:5152 
1013,5411 
1016,3681 
1<I19.3963 
1022.6235 
1025,^458 
1028.6873 
1031,7198 
1034,7534 



408 
409 
410 
411 
412 
,413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 



876,6191 1049,9379 



mm 

1059.0616 
1062,1049 
1065.1493 
1068.1948 
1071.2414 



869.6617 
892,2734 



2431,3714 
2440,3942 
2449,2241 

2458,0610 
2466,9050 
2475,7559 
2484,6139 
24?3,4787 
2502,3506 
■2511,2294 
2520,1151 
2529,0077 
.2537.9072 
2546,8135 
2355.7268 
2564,6469 
2573,5738 
258>W75 , 
' 2591.4480 
2600,3953 ' 
. 2609,3493 
2618,3102 
2627.2777 
2636,2520 
2645,2330 
2654,2206 
2663.2150 
2672.2160 
2681,2237 
.2690.2380 
2699,2589 
2708,2865 
2717,3206 
2726,3613 
2735.4086 
2744,4624 
2753,5228 
2562,5897 
2771,6631 
2780J430 



900,1150 
902,7309 
905.3479 
907.9660 
910,5850 
' 913.2052 
913.6264 
918.4486 
.M18 

mm\ 

926,3il4 
928.9478 
931',5751 
934.2035 



1077,3376 
1080,3874 
1083,4381' 
,1086,4900 
1089,5426 
',I092.5%7 
1095,6517 
1098,7077 
1101,7647 
, 1104.8228 
1107.8819 
■ 1110,9420 
/1114.0031 



2759(8293 
2798,9222 
2808.0215 
2817.1272 
2826,2394 
2835.3580 
92814,4830 
2853.6143 
2862.7521 



1117.0653 



2908,5360 
2917,7117 
2926,8938 
2936,0620 





loKnl 


n lof! n 


n 1)15 n 


, 426 


936.8329 


1120.12115 


2^45.2766 


427 


939.4633 


I 1 nrt 1 AnH 

1123.192/ 


29)4,4774 


* 428 


942.0940 


1126.2579 


2963.6844 


429 


944.7272 


1129.3242 


2972.89/5 


430 


947.3607 


1132.3914 


2982.1171 


431 


949,9952 


1 1 lit J tm 

1135.4597 


ZWl.M/B 


432 


1 952.6307 


1 1 Art snnn 

1138,5290 


JUUU.5/W 


433 


955.2672 


till tnn^ 

1141.5993 


3009.Bu5 


444 


iswm fin J ^ 

957.9047 


1144,6705 




43i 


960.5431 


114J.7428 


moo <1A7I 

3J)2B.30/1 


436 


963.1626 


1150,6161 


M,35.J0 


437 


965.8231 


• I'm nnni 

1153.8904 


3045.8251 


436 


968.4646 


1155.9651 


™,094fl 


439 


971.ll)71 


. 1 f n Aj 4 ft 

1150.0419 


iron 4CQ£ 
30w,3W5 




973.7505 


1163.1192 


3074.6505 


. ,441 


976.3949 


1166.1974 


3083.93/4 


^ Ml 


nn/i Aim 

979,0404 


1169.2|^ 


J0y3;23Uj 


443 


; 981.6868 


1172.3568 


3102.5Zyj 


444 


984.3342 


1175.4380 


311I.B345 


^ 445 


986.9825 


1178.^202 


Hi n 1 1 J cn 

312U4M 


■ 445 


, 989.6318 


1161.6033, 


3130,4529 


■ 447- 


992.2822 ' 


1184.6875 


3139.7861 




994.9334 


1187.7725 


3149,115^ 


'449 


997.5857 


1190i85o6 


11 U 1^ 


450 


1000.2389 


1193j9456 


JlQ/./yij , 


451 


1002.6931 


119a0335 


Mil Am) 


452 


^ 1005.5462 


1200.1226 


3186.4915 


453 


1008,2043 


1203.2125 


3195.o50j 


454 


'1010,8614 


1205.3033 


, 3205.2154 


.455 


1013,5194 


1209.3952 


3Z14.IXKZ 


f 456 


1016.1783 


1 rt 1 n J AAA 

1212.4880 


3223.9D2y*. 


457^ 


1018,8382 


1215.5B17 


3233.3455 


458 


1021.4991 


1218,6j(4 


3242,7339 


459 


1024.1609 


1221.7720 


4ntQ 4004 

3252.1283 


m 


1026,6237 


1224.8686 


4nri K'VOi 

3261.5284 


461 


1029.4674 


1227.9661 


nniA Mi t 

3270.9345 


462 


1032,1520 


1231.0S4* 


3280.34W 


■ 463 


1034.8176 


1 AA 1 i ^ J A 

1234.1640 


3289,7641 


' 464 


1037.^841 


1237.2643 


3299.1870 


465 


1040.1516 


■ AdA n/*Fr 

1240.3656 


330Q.6169 


466 


1042.8200 


12414676 


3316.0521 


467" 


1045.4893 


1246.5710 


3327.4930 


468 


P.1595 


■AJA 

1249.6750 


3336.9396 


'469 


' 1050.8307 


1252.7801 


3346.3921 


470 


1053.5028 


PJ5,8660 


3355.8503 


471 


1056.1758 


IS58.9928 


1111 


472 


1056.8498 


1262.10D6 


4171 IQifi 


473 


1061.5246 


1 nr n AAA 

1265,2093 


! (too J 0(04 


4t4 


ll)64.20(H 


1 AT A A 1 fSA 

1268.3189 


3393.7403 


• 475 


■ 1066.8771 


' I n ft i J A A f 

1271.4295 


3403.2271 


476 


1069.5547 


1274.5409 


A 1 1 A 41 A/* 

3412.7196 


,477 


1072.2332 


1277.6533 


3422.217/ 


478 


1074,9126 


1280,7665 


3431.7216 


V 479 


1077,5930 


12B3.8607 




V 480 


1080,2742 


1286.9958 


3450.7462 


481 


1082.9564 


1290,1118 


3460.2665 


482 


mm 


1293,2287 


3469.7933 



n 

n 


loff 


n loi(n 


riloR'n 








3479 3253 


tot 


lITJl.UlHIii 


|4JJ,1UJ1 


W 8630 


4<u 




IW 51147 


149U4062 


W ■ 


IWU.JPvv 


1305 7032 


3507.9550 


W/ 




llOfl 8266 


3517.5094 


WO 


lUrl./JOJ 


nil Q4{1Q 


3527 .069:1- 








1'i36 6349 


•tiiU 


j|A7 iiu;/) 
UV/.IJOU 




3546 2059 




Uw>0«/1 




3555 7825 




III^MQl ' 


13''4446B 

1 J«l.TlW 


3565.3646 




MIJ.4MJ 


1127 5735 


3374.9523 


494 


1117.9057 


1130.701 1 


3584,5434' 




1190 fi/YlT 


mi B'>96 


3594 1441 






1336 95B9 


3603,7482 


JOT 


11911 RAQl 


1340.0891 
I'M] 2202 


3613.3578 
3622.9730 


4W 




iJCttJ.jJli 


3632 5935 


5W 


llUflARi 




3642.2195 


jUi 


IIV;7IK9 

lljO.'DOfc 


3651.6510/ 




I HQ iOfSi 




3661.4879 




IU9 lAft'^ 
Mii.lOOJ 


135fl 8887 


367M302 








3680.7779 


Mi 


1147 ^942 


J365 1621 


3690.4310 


506 ^ 


1150,2984 


^68,3002 


3700.0896 


507 


lljJ.iJU>4 


1171 lIQrt 


170Q 7535 


t/VQ 




1174 57BB 


3719.4228 


3W 
jlU 


I91i 


1177 71 M 
1380 8608 


3729,0974 
3738.7775 


Ml 


IIA1 

moj.oj^u 


I1B4 1)011 


3748.4629 


jli 




1387 1462 


3758.1536 


111 


IIAQ 9M1 




3767 8496 


514 


int 001 


IIQI ilivH 


1777 5510 


)l) 


1 1 U (1711 




37B7.25?*7 


r., jID 




13*W 7272 


3796.9^97 


517 




1402 87461 

ITVi.y 'TV 1 


3806.6670 


518 


IIR9 Rti/! 


1406 0220 


36164095 


M9 


1185.5298 


1409.1718 


3826,1374 
^35,8705 


521 


1188 2456 


1412.3217 


llTU.in^O 




'3845.6089 


JU 




141B634Q 


3855,3526 




1 Vn.Jjw 


1471/764 


>3865.10t5 


524 


1 In. 1101 




0874.8556 


525 


19(11 iCUtl 


U9A flftlfi 

ITiO.vOJU 


M6150 




19(U W 


1431.2385 


3&.3795 


lit 


uU/.£011 


1414 W 


39(H,1493 


526 




U17 ^SfiT 


3913.9243 


)^ 


1019 7911 


1440,7080 


3923.7D45 






1443,8662 


3933.4899 






1447,0252 


3943.2m 


Ml 


1220,9024 


1450,1850 '3953,0761 


Xij 


1223,6292 


1453,3456 


3962.8770 


• 5)4 


1226,3567 


1456.5070 


3972.6830 




1229,0851 , 1459,6693 


3962.4942 


JM 


1231,8(42 


1462,8321 


3992.3105 


537 


1234.5442 


1465,9962 


4002.1319 


338 


1237.2750 


1469,1609 


4011.9584 


539 


1240,0066 


1472,3263 


'4021.7901 



1 n \ 


\{\a n 


n Ificr n 


n lot(r n ^ 


; 540 


\iSUyj\3 




4031 6260 


541 




lT/0,UJ.^^ 


4041 4687 


U9 

jM 


1910 7fv;i 


14R1 ll')7fi 

1701 .UhlU 


4031.3156 








4061 1676 


ill 
544 


U)i.0'OJ 


linn ifAR 


4071 0247 


543 


ui)0.4uJ 


uni iirii 


401108868 


tic 
m 


UJ7,tJul 




4090 7541 


547 


\ne.\ 0(111 1 
1261. 8O0I 


OiAQ7 £701 

^4y/.b/yi 


4If)(l 6''63 


[ tin 

m 




IjUU.ujI' 




} (in 


u67joo5 


IjOt.UiJ^ 




1 550 


l4l/\ l/\ffl 

1270.1068 


un7 lAO'i 




55r 


1272.6450 


1j1UJ/ij 




55^ , 


l')7t ennq 
U/XjUTJ 




41500629 


u^35j 
f 554 


U/OJjU 




4159 9652 


IIDI rt7C9 


UlQ QfUi 


4169 8726 


355 


inn4 MM 




4179 7849 


355 




l19fi9Rirk 


4169.7021 


557 ' 


llflQ 11 11 


IWQUll • 
IWj.TtiJ 


4199 6''45 






K19 fi9lQ 


4209 5516 


Mir 


iiKU. anil 


i Mt 0/119 


4219 4838 




UJ/.JJJO 


1 <tlR OAfil 


4229 4210 


jDI 


ivin in9fi 


1U9 lfiR9 


4239.3630 


M 


1jUj.Uj£j 




4249 3099 


553 


1 Rfyjfl 
|iijU9.ou«:o 


1 1411 Witt) 
1J10..JJ04 


4259.2618 ' 


564 


1308,5541 \ 


WW 7911 


42fi9 2187 


565 


1311.3054 


1554;9074 


4970 IBM 


566 


111 J Avnn 

1314.0390 
]3Id.8u6 


|£E{) AQil 


49(1^ 1470 


567 


1 Wl '1QIC 

1351.^815 


110^ lid*) 


568/ 


1319.5559 


7JU7.V?"'' 


569 


111') IftOft 


IQO/.OjOi/ 


4119 0762 - 


.' 570 


i4ne n77Q 

1325,07/9 


Kin niwi 


4329 0623 


,■' :5?l 


132/.m 


ij/4.ujy< 


4110 0513 


572 


IIIA (QIQ 

iwu.jyi? 


11117 OIH"! 

n//.4jvj 


4349 (H92 


573 


Mill Qi;ni 


1 iJOlf.'tfiO 


43590199 


i74 


l44r jAhn 


IjttJ.OlJt 


M369 0554)' 


575 


1336.668/ 


ijOo.oujy 


4379 065& 


tic 
576 


lilt C90I 
1^1.0£j1 


1 ion finil 


4389.0810 ' 


577 


lj44gyUJ 




4399 1010 


578 


1117 

lit/. 1^(4 


1 1Qf; 1041 


4409.1258 


579 


lUA nuA 

1349.9149 


1100 iQ/n 


4419 1555 \f 


560 


. 1 1W JllJll 
* UjLD/OJ 


IflW 7M? 
iOU4. 'iK'^ 


4429.1098 


581 


l4Ct Ai^t' 

' 1355.44^5 


l£/^<i Qfl/11 


4439.2291 


582 


1358,2074 


ic/v] 11119 


4449.2731 


,583 


1360,9731 


* 1612.3648 


4459.3218' 


584 


1353.7395 


lUlD.JOJl 


44^9 3754 ' 


315 
■ 586 


136q.50o5 
1369,2745 


If |o 7QC9 
IQIO./&O4 

101 QfiflH 


4479 4337 
44B9 4967 


58/ 


M71 ruio 
10/2.W3; 


IA91 lon/t 


4499 5645 


588 


1 A^ i AI nf 

1374.8125 


ICIO IQIQ 

ibfcO.jyj? 




1)89 


tilt £007 

l377.58i7 


ICH IQlO 


4519.7143 


590 


twn IMC 


lf;iAftfl97 
1Djt.DU4/ 


4529.7963 


591 


1383.1251 


iCIfl /V1fl9 


4139 B83D 


d92' 


1 lot flQ71 

13Bj.o!i/4 


10tl»*iTf 


4349.9/44 


593 


I4AA £lA£ 

1368.670} 


IMt.lil* 


4560 0706 


yn 


11^1 4441 


1W7 6291 

Jul' iV"'" 


4570,1714 


595 


1394,2188 


1650.8376 


4580,2)69 


596' 


1396,9940 


1654,0468 


4590,3871 



0 

H 

0 

r 
0 

ci 

M 

n 
> 

r ■ 
2; 

H 

0 
D 

Vi 



r 



399 
600 
601 
ji02 
60] 
604 

m 

606 

607 



610 
611 
612 
(13 
614 
613 
616 
. 617 
618 
619 
620 
621 
622 
623 
a 624 
62) 
626 
627 
628 
• 629 
630 
63! 
632 
633 
634' 
■633 
636 
637 
638 
639 

m 

641 
642 
64) 
644 
643 
64( 
647 
64b' 
649 
650 
■■ 63! 
£32 
633 



.lognl nlonn nlo^'n 

I395.77M 1657,2367 mm 

m.Ml 1660.467) '4610.62!) 

H03,)24I 1663,6787 4620.7437 

I«e.l023/ 16618907 4630J746 

HI0;ii8li' !670,!033 464! ,0061 

>4i3,6606 1673,3171 4631,1463 

14IS.44II 1676,3313 4661,289! 

H19,222! 1679,7463 ' 4671,4363 

1422,0039 1682,9620 4681.3886 

1424,7863 1686.1784 4691,7432 

I«7,3693 1689,3955 4701,9065 

1430,3334 1692,61)4 4712,0724 

X33.I380 ' 1693,8319 4722,2429 

'<3J.9234 1699,0312 , 4732,41110 

14)8,7094 1702.2712 4742,5977 

1441,4962. 1705,4919 4752,7819 

I«4,2B36 1708,71)3 4762,9707 

1W,07I8 4 711,9334 4773:164! 

'«9,8607 !7!5,!302 ' 4783,3620 

H52,6303 I7!8,38!7 4793,3643 

1453,4403 1721,6039 4803,7715 

■458,2313 mm mmi) 

1461,0232 1728,0363 4«!4,!992 
1463,8156 1331,2828 4834,4198 
1466,6087 1734,3099 4844,6450 
1469,4023 17)7,7376 4854,8746 
1472,1970 1740.9660 4863,1088 
1474,9922 1744,1932 4873.3473 

1477.7880 #1747,4250 4885.5906 ' 
1480.3846 1750,6555 4895,8383 
1483.3819 17)3,8867 4906,0903 

• 1486,1798 1757.! 187 4916,3470 

1488,9785 1760,3512 4926.6082 

1491.7778 1763.3845 4936.^737 

^494.5779 1766,8185 4947,1437 

1,497,3786 1770,0532 4957,4182 

Ii00,l800 1773,2885 4967,6971, 

1502.9821 1776,5246 4977,9804 

1505.7849 1779,7613 41,2682 

1508,5883 1782.9987 4998.5604 

1511.3924 1786,236lf 5008,8571 

1514,1973 1789.4756 3019,1381 

1317,0028 1792,7130 3029,4636 

1319,8089 1793,9552 5039.7734 

1522:6158 1/99,1960 3050,0877 

1525,4233 1802.4375 5060,4064 

1528,2316 1805,6796 ,5070,7294 

1531.0404 1808,9225 5081,0568 ' 

1533,8500 1812,1660 509l.,1886 

1336,6602 1815,4102 3101,7248 

1339,4711 1818,6351 3112,0653 < 

1542,2827 1821,9006 3122.4102 

1545.0950 1825.1468 5132.7594 

■547.9079 1828,3937 5143.1130 

1550,7215 1831,6412 5I53,47M ' 

1533.5J37 1834.8894 5163,8331 

1536,3506 1838,1383 5174.1997 



■n 



692 
6S3 
694 



'logn! nlof?n ^nlot 'n 
mm 1041,3878 5184,5706 
1361,9824 1844,6380 5194,9459 
1564,7993 1847.8889 3205.3254 
il,1404 5215.7092 
■570,4351 1854,3926 5226.09?) 
■573,2540 1857,6455 3236,4697 
■576.0735 1860,8990 '3246.8865 
, ■57B.8938 1664.1332 5257,28^5 
■581,7146 1867,4080 3267,6927 
■584,5361 1870,6635 3278,1022 
■587,3383 1873,9196 5288,3161 
■590,1811 1877,1764 3298,9341 
■593,0046 1880,4338 •'3309,3564 
■595,3287 || 
■598,6335 II 
■601.4789 '1890.2101 3340.6489 
■604,3050 1893,4701 5351,0881 
■607,lSl7 1896,7308 5361,5317 
■609.9591 1899.9921 , 5371,9794* 
■6^2,787| 1903,2541 5382,4313 
■^■3.6138 1906,5168 3392.8875 ■ 
■G^«.4451 1909,7800 5403,3478 
■621,2750 1913,0440 5413,8124' 
■624.1056 1916,p 5424,2812 
■626,9368 1919.5737 3434.7342 
■629.7687 1922.8396 5445.2313' 
■632.6012 1926.1060 5455.7125 
■635.4344 1929.37)2 5466.1981 
■638,2681 1932,6^ 5476,6877 
■641,1026 1935.9093 5487,1813 
■643,9376 1939,1784 3497,6794 
■646,7733 1942,4480 , 3508,1816 
■649,6096 1945.7183 5518,6878 
■652,4466 1948,9893 5529.1982 
1635.2842 1932.2608 5539.7128 
1638,1224 1955,5330 3350,2314 
■660,9612 1958.8059 5560,7542 
■663.8007 1962,0793 3571,2811 
■666,6408 1963,3534 5581:8122 
1968,6281 5592,3474 
■971.9035 ,5602,8866 
■673,1649 1975,1794 3613,4299 
1,4560 3623.9774 
1.7332 5634.5289 
■683,6946 1985;0111 5645,0843 
■686.5391, '|988» 5653,6442 
1689,3842 1991,3686 5666,2079 
1.2299 1^94,8483 3676,7756 ' 
,1998,1286 3687,3477 ' 
■6fl.9232 ' 2001.4096 5697.9236 
■700,7708 2004,6911 • 5708,5037' ■ 
1703,6189 2007.9733 ''!i719,08?8 
■706.4678 2011,2561 ' 5729:6738 " 
■709,3172 20145395 }740',2t80 
■7^2,1672 2017.8235 5750,8642 ■ 
1715.0179 2021.1082 5761.4644 ' 
■'■7.8691 2024,3934 3772,0686 



■TABLE 5. (Continued) . 



634 
£35 
'658 

£5? 1567 

654 
660 

662 
ftj) 
664 
665 
666 
667 



671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 
634 
685 
686 
687 



1669,4816 
1672,3229 



697 1680,8307 



70? 1695 



706 



•709 



n 

ITT 

712 
713 
714 
7J3 
716 
717 
718 
719 
720 
721 

724, 
725 
726' 
727 
■728 
729 
730 
'731 
732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
742 
743 
744 
743 
■\746 
7^7 
748 
,749' 
,..750 
731 
732 
■ 733 1 
■734 
735 
756 
757 
7^8, 
75? ' 
t?60 
761 
762 
■763 
764 
765 
'766 
767 



1723,5735 2030,9637 

n26,426} 2034,2528 
1729,2802 , 2037,3403. 

■732,1316 2040.8280 

i7,'4,9893 2(H4,1I77 
■737,8430 ' 2047,4072 

■740,7011 2050,6973 

■743,5378 2053,9881 

■746,4152 2037,3794 

■749,2731 2llSo,37l3 

1752,1316 2063,8638 
1754.5908 ■ 2067,1570 

1757,8505 2070,4507 
1760,7109*: 2073,7450 

'1763,5718 2077,0400/ 

1766,4333 2080,3333' 

■769,2935 2083,6316 

1772,1582 2086.9283, 

.1775,0215 2090,2257 

1777,8854 2093,5236 

.1780,7499 . 2096,8221 




lo.gnl nIoKn nlo«» n 



3835,7783 
3846.4103 
3857.M68 
5867,6870 
5878.3312 
5888,9794 
3899,6316 
3510,2877 
5920,9478 
5931.6118 
5942,2797 
5952.9517 
5963,6373 
5974.3073 
5984.9910 
3995,6786 
6006,3701 



■786,4807 
1789,3470 
1792,2139 
1795,0814 
1797,ni4 

nam 



^1806,5571 
1809,4275 
1812,2985 
1813,1701 



1823,-7883 

1826,6632 

1829:3367 

1832,4117 

1835,2874 

■838.1636 

■841.0404 

1843.9173 

■646.7957 

1649,6742 

1832,3333 

1853,4330 

■858.3132 

1661.1941 

1864.0754 

■866.9574 

■869.8399 

1872.7230 

187:,6067 

1878.4909 

■881,3737 



2103,4209 6027,7650 
2105,7212 6038,4683' 
2110.0221 6049.1734 
2113,3233 60;9,3865 
2116.6256 6070,6015 
2n 9,9282 6081,3203 
2l23,23l'4 fi092.W30 
'?126,5353 6102,7697 
2129.8397 61)3,5002 
2133,1447 6124,334) 
2136,4303 6134,9)27' 

2139,7564 6145,7143 

2143.0631 6136.4608 

2146,3705 6167.2105 

2149.6784 6177.9642 

2152,9369 6188,7216 

2156,2959 6199,4829 

2159,6036 6210,2480 

2162,9158 622r,017O 

2166,2266 6231.7898 

2169.5380 6342.3654 

J172.B499 6233,3469 

2176,1625 6364,1311 

2179,4736 6274,9191 

2182,7892' 6285,7110 

2186,10^5 6296.3066 

2189,4183 6307,3060 

2192,7337 6318'.I093 

2196,0497 6328.9163 

2199.3662 6339.7271 

■2203.6833 6350,^6 



2212,6380 , 6383,0079 



o 

ERIC 



776 

777 

778 

779 

780 

781 . 

782 

783 

784 

785 



■884.2611 2215,9574 6393,8376 
1887.1470 2219,3773 6404,6710 
1890,0335 3332,5978 6413,5081 
1892,9205 2325,9189 6436,3489 
16?5,8083 3329,2405 6437,1935 

773 1898,6963 2232,3627 6448,0419 

774 M90l,5851 2235.8855 6t58.894D> 

775 1904.4744 2239.3088 '6469.7498 
■907,3642 3342,5337 6480,6094 
1910,2547 2245.8371 6491,4737 
1913,1436 3349,1821 ' 6502,3396 
■916,0372 3352,5077 6513,2103 
1918,9293 2253,8338 6524,0847 
1921,6219 2259,1604 6534,9628 
■924.7151 2262,4877 6545,8446 
■927,6089 3265,8154 6536,7301 
■930,3032 2269,1438 6367,6193 
1933,3981 2272,4727 6578.5122 

786 1936.2933 ' 3275 8021 6589,4088 ' 

787 : 1939,1895 2279,1331 6600,3090 

788 1943,0860 2282.4626 6611,2129 

789 "mm 2285.7937 6622.1205 

790 1547.8807 3289.12M '6633.0317 

791 1930.7789 2292.4576 6643.9467 

792 1933.6776 3295,7903 66.M,8652 ■ 
795 ' 1956,5769 2399,1336 6665,7875 

794 1959,4767 3302,4575 6676,7134 

795 1963,3771 3305,7918 6687,6429 
^96 , 1965.2780 2309,1368 6698,5761 

797 1968,1794 ■ 2313,4^33 6709,5129 

798 1971,0814 3315,7983 6730,4534 
1973,9p40 2319,1349 6731,3975 
■976,8871 3322,4720 6742,3452 
■979,7907 2333,8096 6733,2963 
1982,6949 2329.1478 6764,2515*' 
1985,5996 3332,4866 6775,2100 
■988,5049 2335,8258 6786.1722 

805 1991.4106 2339,16)7 6797,1380 . 

806 1994,3170 2342,5060 6808,1074 

807 1997,2239 3343,8469 ' 6819,0804 
i808 20OO.13I3 334!),1884 6830,0369 

809 2003,0392 3352,3303 6841,0371. 

810 2005,94)7 2355,8729 6852,0209 
2008,8567 2339,21)9 6863.0082 
2011,7663 2362,5395 6873 9992 
2014,6764 / 2365,9036 6884,9937 , 
2017^70 2369,2483 ■ 6895,9918 
2020,4982 2372,3934 6906,9035 
2023,4099 3375,939r ^6917.9987 
2026>3221 2379.2854 6929,0074 

818 _ 2029,2348 2382.6322 6940,0198 - 

819 3032,1481 2385.9795 6951,0357 
020 2035,0619.^3389,3373 6963,0)51 
821 3037,9763 2392.6757 6973,0781 
622 2040,8911 3396,02ft 6984,1047 1 

833 2043,8065 2399.3741 6995.1347 

834 2046.1323 24ff2,7240 7006,1683 



799 



804 



812 

813 
814 
815 
816 
817 



> 

n 
0 



H 

tn 
n 

< 




3 



TABLES. (Continued), 



n loijnl nlonn niog'n 



^' 821 

m 

827 
' 828 
829 

831 
832 



206lil00 



to3 mM 

t36 
8J7 



, 839 
; 840 
■ Ml 
^2 
643 
B44 
8^5^ 
846 
Ml 
848 
849' 

< 851 
W 852 
853 
854 
853 
856 
. 857 



2078,6323 
2081.7543 
2084.(772 

■ 2087.6005 
J090.5242' 



2109,4235 
2412.7770 
2416.1291, 
2419,4817' 
2422,8348 
20(7.1487 2426,1884. 
2429,5426 
2432.8973. 
2436.2525 
2439.6082 
2442,9644 
2^6,3212 , 
2449,6785 
2453.0;i63 
2456,3946 
2459,753* 



2466,4726 

'2469,8330 

2473.1939 

2476,5553 

2479:9172 

2483.2797 ' 

2486.6426 

2490.0061 

2493,3700 

2496,7345 

2500.0995 

2503,4650 

2506,8310 

2510,1975 

2513.5645 

2516.9321 



864 
865 
866 
867 



871 

. , 872 
• 873 
874 

^ 87i 
f ■ 876 

877 



. 2099.2966 
2102,2244 

•2105.1508 

'2108,0776 
2111,0050 
2113.932!) 
2116,8613 
2119.7902 
2122,7196, 
2125,6495' 
2128.58001 
2131,5109 
2134,44*4 
2137.3744 
2140.3068 
2143.2398 

• 2146.1733 
2149.1073 
2152.0418' 
2154.9768 
2157,9123 
2160,8483 
2163.7848 
2166.7218 
2169.6594 
2172.59741 
2175.5339* 
2178.474! 
2181.41 
2184,3: 
2187.29: 
2190.2360 
2193,1775 
2196.1195 
2199.0620 

. 2202.0050 
2204.9485 
2207,8925 
2210.8370 
2213,78! 




mm 

2533,7773 

km 
•mm 



2550.6351 
2554.0082 
2557.3817 
2560.7558 



2591.1417 

2394,52i«, 



n log' n 
7017.2054 
7028,2462 
7039.303 ^ 

mm ' 

7061,3893 

7083,50!5 
7094,5640 ' 
7105.6^93 
7116,ta- 
7127,7703 
7138.8460 
7149,9252 
7161,0079 1 
1172.0942 
7183,1838 
7194,2770 
7205.3736 
72i6.4736 
72217,5772 
7238.6842 
7249.7946 
7260.9086 
7272,02^ 
7283.1467 
7294.2709 
7305.3986 
7316^5297 ' 
7327,6642 
7338.8022 
7349.9436 
7361,0884 
7372.2366 
7383.3882 * 
7394.5433 ' 
7405,7016 ; 
7416.8636 ! 
7428.0289 
7439.1975 
7450.3696 
7461.5450 
7472.7238 
7483,9060 
7495,0916 
7506,2005 
7517,4728 
7528,6686 
. 7539,8676 
7351,0700 
7562.2758 
7573,4849 
7584,6974 
7595.9133 
7607.1324 
7618,354^ 
7629.5808, 
7640.8100 ■ 



ERia 



logn! nlogn nlog^n 



892 



8% 



1- 



iri216,7274 2597,9033 

883 2219,6734 2601,2833 

jJ4 2222,6198 2604,6638 

885 2225,5668 ' 2608,0448 

886 2228,5142 2611,4263 

887 ' 2231,4621 2614,8082 

888 22M.4I05 ' 2618,1907 
BJ9 2237,3594 2621,5736 

890 2240,31188 2624,9571 

891 2243; 587 2628,3410 
224^2091 263 1 7254 
2249,1599 2635,1104 

.■22!2,1113 2638.4957 

2255,063J 2641.8816 

2258,0151 2645,2680' 

l'60,96fi2 2648,6548 

*63,9214 2652.0421 

2l!li6.8;52 2635.4300 

< 226Wd 2658.8182 

22)2.7842 2662'.207O 

2275.7394 2665.5963 

. 2278.6961 2668.9860. 

2281,6512 2672,3763 

2284,607^1 2675.7669 ■ 

' 2287.5C50 2679,1501 

2290,5226 2682.5498 

2293,4807 , 2685.941^ 

2296,4393 2689,3346 

2299,3983 2692,727? 

2302,3578 «,1212 

2305,3178 2699,5153 

2306,2783 2702.9098 

2311,2393 2706.3048 

915 231[2007 2709.7003 

916 {317.1626 "2713.0»63 
917* ' 2320.1249 2716.4927 

918 2323.0878, 2719.8896 

919 2326.0511 1 2723.2869 

920 2329.0149 2726:6846 

921 . 2331.9732 2730.0831 

922 1 2334.9439 2733,1819 

923 2337.9091 2736,8812 
234fl,8748 2740.2809 
2313,8409 2743,6811 
2316,8075 2747,0818 
2349.7746 2750,4829 
2332.7421 2753,8845 
2355,7101 2757,2866 
2338.6786 2160.6891 
2361.6476 2764.0921 



7652.0425 

7663.2784 

7674,5173 ' 

7685.7600,: 

7697.0059 

7708.2549 . ' 

7719.5074 

7730,7632 

7742,0222 

7753,2846 ' 

7764.5502' 

7775.8192 ' 

7787,0914 , 

7798,3670 

7809.6158 



7832.2133 
7813,5020 ' 
7854,7959 ' 



902 



905 



901 



913 
914 



924 
925 
♦ 926 
927 
928 

m 



(y^31 



2361,6170 2161,4956 
,5869 2770.8996 



110,5512 2774.3040 

2373.5280 2777,7088 

936^.2376,4993 2781.1112 

9Jl' 2379.4710 , 2781.5200 

938 ■ 2382,4133 2787.9262 



7^ 7.3876 

.7868,6893 . 

7899,9943 • 

7911.3026 

7922.614! 

7933.9288 

7945.2468 

7956.5681 

7967.8926 

7979.2203 

7990,5513 

8001,8855 

8013.2230 

8024,5636 

8035.9075, 

8047,2546 



6069,9584' 
8081.3152 
8092,6752 
8104.0383 
8115.4047 
8126.7;42 
8138.1470 
8149.5229 
8160.9021 
8172,2814 
8183.6699 
8195,0586 
8206.1504 
8217,8435 
8229,2438 
8240,6151 
8252.0497 
8263,4571 
8274,8683 
l!3 



.JH2 

: '913 

914 
913 



n nl 



lognl. n 

2385.fI59 211 

m ^388,k 2194,7102 
941 239I,362N8798,1178 
2394,3367 • ,2801,5559 

2397,3112 ?8M,9615 

2400,2862 2808,3735 

2403,2616 2611,7831 

946 j2406,2373 2815,1930 

947 K409.2138 2818.6034 ^ 
946 2412.1906 2822.0113 

949 2415.1679 • 2825,4?56 

950 2418,1436 2828.0374 
951a. 2121,1238 2832,2497 

952 2424,1024 2835,6624 

953 2127,0815 , 2839,0755, 

954 2130,0611 28l!.1891 
M5 , 2433.0411 .28^.^32 

2136,0216 2B19.'3177 

2139,0023 '2852,7327 

2141.9838 2856.1481 

2144.9657 2859,5610 

960 2147,9479 2862.98(H 

961 2450.9307 2866.3972 
%2 2153.9138 2869.8114 

963 2456.8975 ■!873.2pi 

964 2459.8815 2)176,6302 

965 2462,8661 '2880,0688 
2465,8510 2883,1879 



■■n ' 



8297,6995 

8309,1199 

8320,5133 

8331,9700 

0343,3990 

8351.8326 

8366,2687 

8377,7079 

8389,1503 

8400,5957 ■ 

6412,0442 

8423,4960 

0434,9507 

6446,1087 

84}?.8698 

8469.3339 



956 
951 
938 



8492.2715;; 

mM\, 

■8515,2216,.; 

8526.7012 

8538.1810 

8549.6698 

8561.1588 



6584,1459* 
6595.6HJ 
8607,1454 

967 * '2468,8365 2886,9074 8618.6498 
8630.1571 
8641.6676 
0653.1812 



f971 
972 
973 

■ 974 
975 
976 



981 
962 
985 
984 
985 
906 
987 



990 

991 

992 

993v 

994 



2471,8223 2890.3273 

2474.8007 2893.7477 

2477.7954 289fj686 

2480,1827 290d',5898 

24811703 2904.0116 

2486,1584 2901,4338 



10.B5M 
14,2195 



2492.7360 2914, 

2495,7254 ■ 2911,7030 

2498,7153 2921,1210 

2501.7057. 2924.551+ 

2504.6965 2927,9762 

2507:6877 2931.4016 

2510.6794 2J34.8273 

■ 2313.6715 ' 2938.2335 

25l6,66jO 2941,6801 

2519,6370 2945,1071 

2522.6305 2918.5347 

2525,6143 , 2951.9626 

2528,6386 29515910 

2531.6331 29M.8I99' 

2534.6286 2962,2491' 

2537,6242 2965,6188 

2540,6203 2969,1090 

2543,6168 2972.5396 

2546.6138 2973.9706 

2549.6111 2979.4020 



8676,2174 

8687,7402 

8699.2660 

8710,7948 / 

8722.3261 

8733,8611 ' 

■8145,3997 

8756.9107 

6768.4847 

8780.0319 

8191,5819 

■8PJ3.l3jl 

8814.6913 ■ , 

8826.2505 

8837.8127 



f8860.9163 
8872,5176 



6930.4191 



Joyn? nlogn niog'n ' rj 

i.n rnnn wTilln 11019 imi 0 



"*5 2552,6090 2982,8340 

/996 2555,6072 2986,2663 

997 1 2558.6059 2969,6991 

2561,6051 2993,1323 

2564,6016 2996J659 

2567,6016 3000,0000 

{570,6051 3003.1115 

173.6059 3006.8694 

2jJ6.6072 301O.3O1J 
2570,60{0 





3034,3616 
3037,8034' 
3fiil,21i7 
3014,6823 
3018.1225 
3051.5630 
3055,0010 
3058.4454 
3061,8872 
3065,3295 
3068,7722 
3012,2153 



,007 23M,616» 3024,05(17 



2594,6241 



«M12m 2603,6384 

013 . 2606.6440 

014 2609.6500' 

015 • 2612,6565 

016 2615,6^ 
2618,6707 
2621,676+ 
2624,6866 

|!D 2627,6952 

021 2630,7043 

022 2633,7137 

023 2636,7236 

024 2639,7339 

025 2642.7446. 

026 26+5,7357 

027 2648,7673 

028 2651,7793 
029, 2654,7917, 

030 2657.61)46 

031 2660.8178 

032 2663.8315 

033 2666.IH56 

034 2669.8601 
033 ( 2672.8751 

2675,8904 
2670,9062 
,038 2681.9224 
, 2681,9390 
2687,9560 
2690.9733 
2693.9911 



3079,1028 
3082.5471 
3085,9919 
3089,4372 
3092.8628 
3096.3289 
3099,7734 
3103,2223 
3106,6697 
3110,1174 
3113,5656 
3117D112 
3120,4633 
3ia9127 
3127.3625 
3130.8128 
3134.2635 
3137.7147 
3141.1662 
3114.6181 



8933,6007 
8965,1960 
89)6,79M 



9000,0000 
9011,6012 
9023,2114 ^ ■ 
9034:8301 
9(H6,4469 
9056.0660 
9069.6881 , 
9081.3132 ' 
9092.9413 
9104,5124 
9116,2063 , 
9127.6133 
9139,1832 
9151,1260," 
162.7719 
174.1205 
9186.P723 
9197,.7.269, •; 
9209.3645 
9221.0150 
9232.7084 ' , 
9244,3749 . • 
9256,0441 
9267,7163 ' 
9279,3915 
9291,0696 
9302.7306/ 
9314.4346 ' 
9326,1213 ■ 
9334,8114-:^ 
9349,5038 
9361,1993 
9372,89'7I^ 
93Bf 5991 ' ^ 
9396,3133 
9in8.0i0j' 
9419.7206 
9431.4336 
9143.1494 
9454.0682 
9466.5897 
9470,3142 :, 
9490.0416 
9501.1119 



0, 
n 

tfl 

H 
X 

0 



1044 2100.0284 3151.5233 

045 2703,0475 3154,9765 ^ 

046 2706,0670 3158,4301 



9165.3386 
3168,7935 
3172,2481 



9536.9199 
9548.7^16 



040 2]12,1 
, 2715.1 



9572.2136 
9583.9640' 




macrjOinvertebrate spewes equitabiHty 



tA'lE 6; T^E DIYttRSlTY OF SPECIES, I CHARACTERISTIC OF MacARTHUR^S 
JT MODEL FOR VARIOUS NUMBERS 6f HYPOTHETICAL SPECIES, s'* 



1 

2 
3 
4, 
' 5 
6 • 
7 

, 8^ 
9 
10 
M 
12 
13 
14 ' 
IS. 
16 
17 
18 
19 
20' 
21 
22 
23 
24 
25 



f. 0.0000 
0.8ri3 

.1:2997 
1:6556 
1.93>4 
2.1712 
2,3714, 

\>:546'5 

\.7022^ 

2>8425 

2.9701 

3.0872 

• 3.1954 
3:2960 
3.3899 
3.4f80 
3.5611 
.3.6395 
3.7139 

.3,7846 
3.»520 
3.9163 

'3.9779 
4.0369 
4.0937 




51 
52' 
-53' 

51 
.55 

56 
'57 . 
58 
'50 
60 
61 " 
62 
63 
64-^ 
65 

66 . 
67 

ei8 . ■ 

69 

70" , 
71 
72 
73 

74 ■ 
75 

76 . 
"77" 

78 . 

79 ^ 

80 ' 
-.81 - 
82 • 

"83 ■ 
' 84 - 
^5 

86.. ° 

87 

88 

9C 
91 • 

"92- 

^4> 

- 95 . 
; 96. 

97. 
• 98 

99. * 
100 



5.0941 
5.1215 
5.1485 
5.1749 
5.2009 
^5.2264 
5.25|5 
5.2761 
5.3004 
5:3242 
5.3476 
5.37 
5.3934 

5.4ri7 

5.4378 
.:5.4?94. 

5.4808 

S,5018 
• 5:5226 
' 5.5rt30 
-•5.5632 
- 5.5830' 
'5.6027* 
•5.622Q 
,5.6411 

5.6599- 
' 5^&785 
^5.6^69 
'5Jfl50' 
.5.7329- 

■ 5.7506 
5.7681 
5:7853 
5.8024 ' 
5.8192 
5.8359 
5.'?J524 
5<<fe^687 
5.8848., 

,:;^007 
..5.9 
5.9320 

■ 5.-947A 
5.9627 
5.9f^8 

■ 6.0075 
6.0221 

•6.0366 
6.051Q 





102 . 

104 
■ 106 

11)8 

110.. 

112 

1.14 

116 
^ -118 
^ l OO- 
V 123^ 

124 

126 

128 

130 : 
;. 132: ' 

134v 

»I40 

142. 

144 ' 

146 
' 148 

150 

152 . 

154 

156 

158 
; 160- 

162 

164 

166^ 

168 
, 170 

172 

174 ■ 

176 

178 

180 

182-\ . 

184 

186/ 

188 
J90 

192 
.194 

196 

198 
200 



6.0792 . 
6.1069 

,6,1341 ; 
6; 1608. 
6.1870 
6.2128 
•; 6:2380. ■ 
6.2629 
6.2873 
6.3113 

"6.3350 
63582 

6-4036 7 

■ 6.425Xf : 

■ ^'.4476/' 

6.4d^i.: 

. ^4903 
6.5112' 
"6,5318 
6.5521 
6.5721 
6.5919 ' 
6.6114 
6.6306 . 

6. ^1^495 
6.6683 
6.6867, 
6.705 
6.7230 

6.7408 
6.7i84 
6.7757 
6;7929 
6.8099 
6.8266^ 
6.843^2 
6.8596 
6.8758 , 
.6.8918 
6.9076 
6.9233 
6.9388 . 
6.9541V 
6.9695 
•6.9843 ^ 
^6.!)992 
7.0139 

7. ^29] 





<1 


• 205 


C/-7.07&3 


; 210 


. 7.1 128 . 




7,1466 


lid 


- /.I /V6 






. 230 . 


.7.2434 


. .235.- 


-7.2743 








7 "X lA 1 




/.Jo J 1; 


■255 


7.39-15: 


ZoU " 


' .1 A \ C\A' 

1 A 1 94 : 


265 


7 4dfi H - 
^ , ■ 1 .^40 0 •. , 




« 7 471^ 


275. 


7.5000 r 


280 


'■^ 7.5259 


' 285 . 


* 7.5513 * 


290 


7.5763 




7.6006 


300 


7.6250 


310 


' .7.6721 : 


320 . 


7.7177' ' 


330 


7.7620 


340 


7.8049 


350 


7i8465 


V360 


^ 7.8^70 


^70 


: 7.9264 




7.9648 




' 8.002.2 


. 40(y 


8.0386 - 




8.0741 


420 


8,1087 


• 430 


.8.1426 


440 


8.1757^ 


- 450 


8.2080 - 


460 


/ 8.'2396 ■ 


470 . 


8.2706 ' 


480 . 


8.3009 ■ 


490 , : 


.8.3305 


500: 


8.3596? 


. -550 . 


,8.4968 .: 


600 


^.6220 


650 , 


. ':8.7373-;- '.' 


700 


5:8440 • 


750 


, 8.-9434 


. '800 ' , 


• '*^:6363 


850 


9.1236 


90Q 


9.2060 


95Q 


9.2839 


lOOG 


. 9.3578 . 



in this table arc reproduced, with permission ,s(£pm Cloy(Il'ar\d Ghelardf, Reference; 33. 
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BIOLOGICALMBTIIODS 



TABLE 7 CLASSfFlCAT10>J, BY VARIOUS AUTHORS, OF THE TOLERANCE OF 
VARIOUS MACROINVERTEBRATE TAXA TO DECOMPOSABLE ORGANIC WASTES; 
. , TOLERANT (T), FACULtATIVE (V), AND INTOLERANT (I) . 



Macroinvcrt(jbnitc 




Dcmospongiac 
Mona.xonida * ; 

Spongillidac 
Sponf^illa fra^ilis- ; - 
Bryozoa . - 

Kctoprocta • ^ 
Phylactobcmata 
/ PlumatelUdac - • • » 
Phinuitelta rcpens / 
P. prjnceps ym. mucosa 
P. /7. van mucosa spongipsa 
P, p, w. fruticosa /■ 
P. polymorpha wm. re pens 
Cri.sti^tcUrdae ' , ^ ' 
CristdteUa muccdo ^ 
. ' : LQphbpotiidac * 
. [ixjphopGijella car ten 
Pectina tella tnagnifica 
I'ndoprpcta ' 
Urhatcllidac 
tfrna tella grd cilis 
' Cymnolacmata e 
. . Ctcnostomala 
ac 

. ■ I'akidicelh/ehrenberf^i 
CocIcnteraU 
' Ilydro/oa; ^ 
Hydroida. *| 

Hydridac . 
'-Hydra 
r.|ayidac ' - . 
Cordyhphora lacustris * 
Vlatyliclminthcs ^ :^ 
Turbcllaria : ' 
Tricladida' , . . . 

Planar iidae . «' 
. ( Ptbnaria 
Nemaloda 
y Wcmatomorpha ' « v . 

jftfOrdiclfda 

f ^ Gordiidac . • - 
.'Annclidd 
Oligochacta 
Picsiopora 
Naididac 
Nats 

Dero : ^ 

Ophidonais 
Stylaria 
Tufeificidac < 
T&hifexj^ubifex 
Tubi/hx 

Umnodrilus hoff meisteri . 
/.. claparcdiatras 
Umnodrilus ' 
Branchiura sowerbvi 



48. 
48' 




^8, 
48 

48, 



5/4 



60 



48.42 

18,! 
,3/ 
48 

1-8,60 
42 



48 

• 48 
51 



4W2 

42 
' 42 



48 
41 



48 

48 

48 
42 
48 

42 



42* 



48 



'42 

4hM 



Macroinvcriebratc 



V 



Prosopora 
Lumbriciilidac 
Hirudixica , 
Rhynchobdellida 
Glossiphoniidac 
Glossiphonia conipianata 
flelobdella stasnalis 
^ //. nepheloidea 
*^ Placobdella moiitifera 
p[ rugosa ♦ , 
Placobdeiuh 
Piscicolidac S ' ' 
Piscicola punctata 
Gnalhobdtfl^a 
f ' Hirudi^ac 

Macrobdella ' : 
PKaryngobdcllida 
• Drppbdcllidac 

ifpobdella punctata 
''Vina parva 
D. microstoma 
Dina • • ^ 
MooreoUdelk microstoma * 
Hydracarjna 
'Xrthropoda 
Crustifcca * • \ 
Isopo'da * * 
. AticUidac ' 

Asellus intermedius ; 
Asellus 
l.irceus 
Amphipoda 
Ttilitridac 
■1lyall<;la<izteca 

: //. knickeYbockeri \^ 
, Gifmmaridae 

Gamtnarus K"- ■ 

. Crdngonyx pseudogracrfts 
Dccnpoda 
Paljcinonidae ' 
Palaemonetes paludosus 

P. exilipes 
Astacidac ^ 
^ Cambarus striatus • 
C- fodiens . . • 
. C. bdrtoni bartoni \ 
C. b. cavatus ' 
^ C tonasaugaensis 
C asperirmnus 
C latimanus ' ; ^ 
C. acumiruitus • 
C. hiwassensis 
C. cxtraneus \ 
^ C diogenes diogenes 
C. cryptodytesf 



60 



48 
48,42 
48, 
60 



28 



60 



48 



.48 

25 
1 



ERIC 



♦Numbers refer to references enumerated in 
section immediately following this table. 
tAlbinistic 



= 4^ 



the "Lilerature" 



26 



*48 

42 

60 




48 
42 
42 
'4 

5,3, 
4,42 



42 
42 



5,3, 
4 



5,4 



. r 



MACROINVERTEBRATE POLLUTION TOLERANCE 



If 



7 r"^ 

tAble'?. 



Macroinvert^bratf 



Continued) 



Macroinvertcbrat^ 



C. flondanus ' ' 
' C earolini4s% 
"J ' C' ^n)gu lus longirostris 
Procamharus rarteyi 
P. acutus acutus ^ / " 
' P. paeninsujanus 
spicWifer ~ 
P.-versutus • Z > 
' ' .P, pubescens 
PMitostemum 
P. enoplostemum ' . 
P. angii^tatus 
P. semfnolae 
P. trucujentidsf * 
' P.^advenaX ., ♦ 
, P, pygmaeust 

pubischeide ^ ^ 
■ P, barbatus 

P. howellae • . 

. P. troglodytes - 
P. epivyrtus 
P. fa flax 
P. chacei 
P. lunzi 

Orco'necfes.proptnquus 
O. rusticus 
O. juvehilis ^ 
O. ericAsonianus 
Faxonella clypeata 
Insecta 
Diptera 
Chironomidae 
Pentajxeura inculta 
P^ cameosa ^ 
^ P. flavifrons 
P. rrtcianops 
P, americana 
Pentaneuri 
Ablabesmyia jahta . 

A, amerjcana . * 
* /I. illiaoense 
A.nuillochi 
A, omata 
A. aspera 

A, peleensisy "A 
A. aurienkis 
' Ai rhdrnpfre 
Ahlabesmyia - 
Ptoclad^s culiciformis 
R denticulatus 

Procladius 

i ■ ^ 

iMbrundirm floridam 

pilosella 
L, V ire seem 
Guttipelopia 
Concha pelopia 
Coelotanypus scapular is 
C concinnus 



I 

I s 
I 



5 

44,12 



12 



1 
1 

42 

42 ■ 



60 
42 
12 



42 



60- 
60,44 



3.4. 
4.2 
48„60 
44 
42 



4 

42 

44,12 

4,44. 
12 



42 

42 

42 
48,60. 
44,12 



- 1 
1 



3,4 
60,12 



44,12 
42,44 



4 
4 
4 

4 

42 



4 

'42 
4 



44 



jNot usually inhabitant of opcn^watcr; arc burrowcrs 



Psilotanypus bellus 
Tanypus stellatus 
T. carinatus ' 
• T. punctipennis 
Tanypus 

Psectro tanypus dyari 
Psectrotanypus 
. Larsia lurida \ 
Clinotanypus caliginCKsus 
Clinotanypus \ 
Orthocladius obumbrt^tus 
Orthocladius ^ \ 

Nanocladiu$ 
Psectrockdius niger 
PjuliaJ' 
Psectrocladius 
Metriocnemus lundbecki 
Cricotopus bicinctus 

C bicinctus group 
C. exilis - 
C exilis group 
C tri fascia tus 
C. tri fascia tus group 
C politus 
C. tricinctus 
C. absurdus 

Cricotopus 
Corynoneura taris 
C scutellata 
Corynoneura 

Thienernanniella xena 
Thieneman niella 
Thchocladius robacki 
Brillia par 
Diamesa nivoriunda 

Diamesa 

Prodiamesa olivacea 
Chironomus attenuatus group 

C. riparius 

C. riparius group ^ — ^^-^^ 
C tentans 

C, tentans'plumosus 
C plumosus 

C. plumosus group ; 
C. carus 

C crassicaudatus 

C. stigmaterus j 

C flavus 

C equisitus 

C fulvipilus 

C anthracinus 

C. paganus 

C. staegeri 



42. 
44,12 



44,12 



42 



5,4. 
42,12 
18,44, 

12 

42 

. 60 
48.18^ 

60 

42 

4 
■ 4 

4 



18,60 

42 
44,12 
44,12 

48 

44 
' 4 



5.48 



42 
42 



44 
42 
44 

-42 

44 



60 
60 



12 



44.12 

60 
60.4*2. 
44.12 
4.42 

% 

4,44 

;4 

3.4. 
44.12 

12 

12 

44,12 , 

12 
J 8.44, 

12 

44 

4 

44.12 
5.42. 

12 
4.42 
4.44 
3.4 
4 

18,42.^ 

lb " 

12 
44 



12 



48. 1*2 



J 2 
I2 
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BIOLOGICAL METHODS - 



TABLE 7. (Continded) 



Macroinvcrtcbratc 



T 



Chironomus ^ 
Kiefferullus dux 
Crypto chironomus fulvus 
C. fulvus group 
C digitatus 
. C sp. B (Joh.) 
C blarina 
C: psittacinus 
C. nais 

Crypto chironomus 
^ Chae to lab is atrqviridis 

C. ochreatus 

' Endochironomus nigricans 
Stenochironomus macateei 
S. hilaris 

Stictochironomus devinctus 
S, varius 

Xenochironomus xenolabis 
X. rogersi 
X. scopula 

Pseudo chironomus richardson 
Pseudochironomus 
Parachironomus abortivus group 
P. pectinatellae 
Oyptotendipes emorsus 
Microtendipes pedellus 
Microtendipes 
Pa^atendipes albimanus 
Tribelos jucundus 
T. fuscicornis 
Harnischia collator 
H. tenuicaud^ta . 
Phaenopsectra ^ ' 

> Dicrotendipes modestus 

D. neomodestus 
D. nervosus 

O. incurvus 

D. fu midus , 

G lyp to tendipe s senilis 

G. paripes 

G. meridionalis 

G.lobi ferns / 

G.^barbipes 
G. amplus 
Glyptotendipes 
Polypcdilum halterale . 
P. fallax 

P. scalaenum 
P. illinoense 

P. tritum 
P. simulans 
P. nubeculosum 
P. vibex 
Polypcdilum 
Tany tarsus neofbvellus 
T. gracilentus 
f"' T. dissimilis 

Rheotanytarsus exiguus 
Rheo tany tarsus 



S 
4 

3,4 



42 



48,4, 
42 
42 

12 



F 


1 


\ — 
Macroin\\rtcbratc ^ 




I 


. 60 




" Claihtanytbrsus 




42 




44,12 


Micrc^sectra dives 




. 60 




44,12 


M. deflecta 






42 




M. nigripula 






48 


12 


Caloplectra gregarius 


5 








Calopsectra • -'^^ 




44 


42 : 


12 


Stempellinajohannseni 




; 


60 


Culicidac ^ 


' 4 




42 




Culex pipiens 

A nopheles punctipennis , 


18,44 






12 


Chaoboridac , " / 




60»42 




12 


Chaoborus punctipennis '' 


5,4 


4.42 


44,12 


♦ Ccrtitopogonidae ; 


- 42 




42,44 


Palpomyia tibialis 




60 




3,4 


Palpomyia " 


44 


48,60 




4,12 


'Bezzia glabra ^ 






. 44 


Stilobezzia antenalis j. 


44 






42. ■ 


Tjoulidac ' / 


i.4 


42 


42 


\ . 

44,12 
44,12 


^^'^Tlpula caloptera 

j T, abdominalis ? ; 

/ Pseudolimnophila liiteipenn is 




c 




12 


/ Hexatorna, 




60 


42 




Eriocera 




.42 




Psychodidae 


4 




42 




Psychoda alternatd 


44 






44,12 
12 


P, schizura ^^ 
Psychoda 


^44 
I 42 






44,12 


Telmatoscopus albipunctatus 






12 


Telmatoscopus 




44 . 




•42 


Simulidac ' 


■ 42. 


42 




Simulium vittatum 




18.44 




-44 


S. venustrum 








42 


Simulium 






42 




Prosimulium johannseni 






44 


42,12 


Cnephia pecuarum 






42 


12 * 


Stratiomyiidac 
Stratiomys discalis 


4 

44 






42,12 


S. meigeni 


44 


44 




42 


Odontomyia cincta 






12 


Tabanidac 


4 


44 


42 




Tabanus atratus 


18 ■ 


y r 

/ 




T. stygius 


<^ 44 


44 




T. benedictus 




( 




. T. giganteus 


44 








T. lineola 








T. variegatus 






42 




Tabanus 






5,44, 


4 


Syrphidac 


4 




12 




. S^phus ajnericanus 


44 




42 




Eristalis bastardi 


18,44 




3.4, 


44,12 


E. adnaus 


AA 




42.44 




E. brousi 


44 




42 




Eristalis 


44 


42 


'42 


V- 12 


Empididac 






12 


•Ephydridac 


44 






44 


Brachydeutera argentata 


42 


48.44 


12 


Anthomyiidac 




44,12 


18 


Lcpidoptcra 




. 5.4 




12 


Pyralididac 






42 


Trichoptcra 








3,4 


Hydropsychidac 




42 


42 




'Hydropsyche orris 
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Macroinvertebcatc 



TABLE 7^ (Continued) 



H. bifida group / 

H. simulans 

H. frisoni 

H. incommoda 

Hydropsyche 

Cheumatopsyche 



Macroin vertebrate 



FH. 



Macronemum •Carolina 
Ma cron e mu m ^ * 
Fotamyia flava 
Psychomyiidae 
Psychomyia 

Neureclipsis crepuseuiaris 
'* Pofycentropus 

Cyrnellus fraternus 
Oxyethira , 
Rhyacophilidae 
. Rhyacophila 
Hydroptilidae 
Hydroptila waubesiam 
Hydroptila 
Ochrotrichia 
' A gray lea 
Lcptoccridac *■ 
Leptocella 
Athripsodes- 
Oecetis 
Philopotamidae 
Chimar^a perigua 
Chimarra 
Brachyccntridae 
B(achycentrus 
Molannidae ' 
Ephcnieroptcra 
Hcptageni^ac 
Steikonema integrutn 
S. rubrp macula turn 
S. fuscum 

S.^pulchellum , * 

S. ares 

S. scitulum 

S. femoratum 
^ S. terminatuni 

S. inter pun ctatum^ 

S. i. ohioense 

S. i. canadense * 

S. i, heterotarsale 

S. exiguum 

S. shiithae ' 

Srproxinuim 
■ S. tripunctatum' 

Stenonema 
Hexageniidae , 

Hexagenia limbata ' ' 

H. bilineata 

Pentagenia vittgera i 
Bactidae 
Baetis vagans 
Callibaetis floridanus 
Calli baetis 



42 



48 

5,18 

3,4 

42 



42 

42 
42 



5,4 



42 
42 
5,3,4 
5,4 



5.3,4 
42 



42 
42 
5,48-, 
4 

5,4 

48 

42 
5.3,4 
42 
42 
48 
42 
42 




\ 



32,42 



,4 
5.4 

4 

48 



32 
32 



4:. 




''Caenidae 

Caen is diminuta 
Caen is 
Tricorythidae 
'Siphlonuridae 
Isonychia 
Plepoptera 
PerUdae 
Perlesta placida 
A croneuria abnormis 
A. arida 
Nemouridae 
Taeniopteryx^nivalis 
Allocapnia viviparia 
Perlpdidae 
Isoperla bilineata 
Neuroptera 
Sisyridae 
Climacia areolaris 
Megaloptera 
Corydalidae 

Co^da^s comutus 
Sialidac 
Sialis infumata 
Siain 
Odonata 

Calopterygidae 
Hetaerina titia 
Agrionidae 
4irgia apicalis 
A.Jr'anslata ^ 
Argia % 
Ischnura verticalis 
Enallagma antennatum 
E. signatum 
Acshnidac 
A nax Junius - 
• Gomphidae 

Gomphus pallidus 
G. plagiatus " 
(J. externus ^ 
G. spiniceps ^ 
G. vastus 

Gdmphus . \\ ^ 

Progomphu!^ 
- ' Dromogomphus 

Erpetogomphus 
Libellulidac 

Libellula lydia 
- NeurocQrdulia moesta 

Plathemis 

Macro mia 
Hcmiptcra 
Corixidae 

Corixa 

Hesperocbrixa' / 
Gcrridac . 

Gerris 
6elostom^tidae 

Belostoma ♦ 
Hydrometridae 

Hydrometra martini 



48 



18 
18 

18 

18.3 

3 



42 
42 



18 
42 



18 



42 



42 



42 
42 

42 
42 
42 



5,3.4 



42 
42 
5,4^ 

42 
M2 

18 
42 
42 
5.4i 

42 



48 

42 
5,4 

3 

42 , 
42 ' 

42.. 

42 

5.3.4. 
48 



5.4 

48 
.48 



2»8 
48 



5,4 
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TABLE^7. (Continued) 



MacroijQvertebrate 



iverteb 



Macroinvertcbiate 



/ 



ColeofH^a 
Elmidae 
Stenelmis crenata 
S. sexlineata 
S. decorata 
' ' Dubiraphia 
* Promoresia 
Optioservus 
Macronychus glabratus 
. Tinhcyronyx varjegatus 
Microcylloepus pudllus 
• Gonielmis dietrichi 
Hydrophilidae 
Berosus 

Tropistemus natator 
T., lateralis 
T.4orsaUs 
Dytiscidac 
Laccophilus maCfUlosus 

* Gyrinidae 

Gyrinus floridantis 

Dineutus americanus 

Dineutus 
MoUusca , 
Gastropoda ' 
Mesogastropoda 
Valvatidae 

Valvata tricarimta 

V. piscinaUs 

V. bicarinata 

V. b. var. normalis 
Viviparidae 
<^ Vivaparus contectoides, 

V. subpurpurea 
* Campeloma integrum 

C. rufum 

C. contectus 

C. fasciatus 

C. decisum 

C. subsoUdum 

Campeloma 

Liopiax subcarinatus 
Pleuxoceridae 

Pleurocera acuta 

P. elevatum 

P. e. lewisi ^ 
Pleurocera 

* Goniobasis livescens' 
C. virginica 
Goniobasis 
Anculosa 

' Butimidae 

Bulimus tentaculatus 
Amnicola emarginata 
A. limosa 
. Somatogyrus subghbosys 
Basommatophora * 
Physidae > 
Physa integra 
P. heterostropha 

V 

§ Except riffk bccUcs' 



4§ 



50 



42 
18 
3 



18 
3 

18- 



28 



18,28 
28 



42,50 
42,50 
50 

50 



42 



28 
28 



28 
28 
2S 
28 

48,28 
60 



48,28 

28 

28 

28 
48,28 

28 
28 

: 28 



28 
28 



18,50 
18 



50 

50 
50 
50 



48 



48,28 

48 
48 

48 
48 



7-^ 



48 



5,4 



48 
48 
48- 



P. gyrina 
P. acuta 
P. fontinalis 
P. anatina 
P. halei 
P. cubensis 
P. pumilia 
Physa 

Aplexa hypnorum 
Lymnaeidae 

Lymhfiea ovata 

L. peregra 
' L. caperata 

L. humitis 

L. obrussa 

L. polustris 

L. auricularia 

L. stagnalis 

L. s. appressa 
' Lymnaea 

Pseudosuccinea columella 
Galba catascopium 
Fossaria modicella 
Planoibidae 
Planorbis carinatus 
P. trivolvis 
P. pantos 
P. comeus 
"P. marginatus - 
Planorbis 

Segmentina armigera 

Helisoma anceps 

W trivolvis 

Helisoma 

Gyraulus arcticus 

Gyraulus 
Ancylidae 

Ancylus lacustris 

A. fkLviatiUs 

Fervihsia fu^ 

F. tfftia . 
* -F^ rivularis 
'\ Ferrissia 
Bivalvia 
Eulameliibianchia 
Margaritiferidae 

Margaritifera.mafgaritifera 
Unionidae 

Unio complanata 

U. gibbosus . 

U. batavus ^ 

if. pictorum 

U. tumidus 

Lampsilis lutfola " . 

L. alata ^ 

L. anadontoides 

L. gracilis / 

L. parvus J» - * 

Lampsilis 

Quadrula pustulosa 



28 
28 
28 
3 

5,4 



28 



28 
28 



28 
28 



28 



3,4 



5,3,4 



28 
28 



28 
28 
28 



28 



28 

28 
28 
28 
28 
28 
2^ 

42 

28; 



28 

28 

28 
28 

28 
28 

28» 
28 
28 
28 

42 



28 



28 
. 28 
2& 
28 
48 

48,42 
28,42 



30 
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TABLE 7. (Continued) 



1 


I' 


f 
1 




48 






28 






48,28 






28 


28 




, 28 


38 






J8 




42 






^8 




\ 48,28 


28 




48 


28 




60 






28 








48,28 


28 ' 


- 






28 


28 


48 


2a 






28 










28 






48,28 


48.28 






. 28 


■> 




'48 












28^ 


A. 



Macroinver tcbrate 



Macroinvertqbrate 



Q. undulata 
Q. rubiginosa 
Q. lachrymosa 
. Q. plica ta 
Tntncilla donaciformis 
T. elegans 

Tritigpnia tuberculata 

Symphynota costata 
^ Strophttus edentuhis 

A fiodon ta grandis 

A.^mbecilUs 

A. mutabilis 

Alasmodonta costata 

Prop t era a lata 

Leptodea fragilis 

Amblema undulata 

Lasmigpna co mplanata 

Obtiquaria reflexa 
Hetcrodonta 
Corbiculidae 

Corbicula manilensis 
pSphaeriidae 
^ Sphaerium no ta turn 

S. corneum 

S. rhomboideum 

S. striatinum 

S. s. vai. corpulentum 



♦ 



5.4 

.28 



28 
28 
28 
28 



28 
28 
28 . 
28,42 
48,28 

28 



28 
28 



28 
28 
28 
48 



48 
48 



33 

42 
42 



60 



42 



S. s. var. lilycashense * 

S. sulcatum ^ 
^S. stamineum 

S. moelianum' 

S. vivicolujm 

S. soUdulum 

Sphaerium 

Musculiurh securis 
. M. transversum 

M. truncatum 
\ MusculiuM 

Pisidium abditum ^ 

P. fossarinum 

P. paupercukim crystalense 

P. amnia/m 

P.'caseriinum 

P. compressum ; 

P. fallax 

P. -henslorvanUm 

P.Jdahoensis^ . 
. P. complanatum 

P. subtruncatum 

Pisidium ^ , ^ 

Dresisseniidae 

Mytilopsis leucophaeatus 
Mactridae 

Rangia cuneaia 
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1:0 I^^TRODUCTION 

Jo the public, the condition of the fishery is 
the'' most meaningful index of water quaUtyA 
Fish occupy the upper levels of the aquatic food 
web and are directly and indirectly affected by 
/chemical and physical changes in the envimn^ 
^ment. Water quality conditions that significantly 
affect the lower levels of the food web will 
affect the abundance, species composition, and 
condition of the fish population. In some cases, 
however, the fish are more sensitive to the pol- 
'^lutantCs) than are the lower animals and plants; 
they may be adversely affected even when the 
lower levels of the food web are relatively 
unharmed. 

Many species of fish have stringent dissolved 
oxygen and ten\perature requirements and are 
intolerant of chemical ^nd physical contami- 
nants resulting from agricultural, industrial, and 
mining operations. The discharge of ihoderate 
amounts of degradable organic wast?$ may in- 
crease the nutrient levels in the habitat and 
result in an increase in the standing crop of fish. 
•This increase, however, usually occurs* in only 
one or a 'few species and results in an im&alance 
in the population. The effects of toxic wastes 
may range from the elimination of all fish to a 
slight reduction in reproductive capacity, 
growth, or resistance to disease and parasitism. 

Ma^ive and complete fish kills are dramatic 
signs .of abrupt, adverse, changes in environ- 
mentaNionditions. Fish, however,.cah repopulate 
an area' rapidly if the habitat is not destroyed, 
and the cause of the kill may be difficult to 
detect by examination of .the fish community 
after it has recovered from the effects of the 
pollutant. Chronic pollution, on the other hand, 
is more selective in its effects and exerts its in- 
fluence over a long; period of time and causes 
^ r^Cognizabk-changes in the species composition 
and relative abundance of the fish. 
. The p/incipal characteristics of interest in 
field studies of fish populations include: (1) 
species present, ^2) relative and absolute abun- 
dance of each species, (3) size distribution, (4) 
growth rate, (5) condition, (6) success of repro- 
duction, (7), incidence of disease and parasitism. 



and ( 8 ) pal atability. Observations of fish 
behavior can also be valuable in detecting en- 
vironmental problems; e.g. ventilatioh rates, 

.position in the current, and erratic movenlent. 

jFish may alslS^i)e collected for use ii) laboratory 
bioassays, for n^e analyses to measure the con- 
centrations of nwtals and pesticides, and for 
histopathologic examination. 

Fisheries data have some serious limitations. 
Even if the species composition of the fish in a 
specific area were known before and after the 
discharge of pollutants, the real significance of 
changes in the catch could not be properly 
interpreted unless the life histories of the 
affected species were understood, especially the 
spawning, seasonal migration, temperature 
gradient and stream-flpw responses, diurnal 
movements, habitat preferences, and activity 
patterns. Without this knowledge, fish presence 
or absence cannot, be correlated with water 
quahty. Of course," any existing data' on the 
water quality requirements of fish Would be of 
great value in interpreting fieldllata. 

Fisheries data have been ^ found useful m en- 
forcement cases and in long-term water quality 
monitoring (Tebo, 1965), Fishery surveys are 
costly, however, and a careful and exhaustive 
search should be conducted for existing informa- 
tion on the fisheries of the area in question 
before initiating a field study. State and Federal 
fishery agencies and universities are potential 
sources of information which, if available, may 
save time and expcTise. Most states require a col- 
lecting permit, and the state fishery agency must 
usually be contacted before fish can be taken in 
a field study. If data are not available and a field^ 
study must be conducted, other Federal and 
State ageacies will often join the survey and 
pool their resources because they have an 
interest in the data and have found that a joint 
effort^is more economical and efficient. 

2.0 SAMPLE COLLECTION 

2.1 General Considerations 
Fish can be collected actively or passively. 

Active samphng methods include the -use of 
seines, trawls, electrofishing, chemicals, and 

lis 
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hook and line. Passive methods involve entangle- 
ment (gill nets and'^trammel nets) and ejitrap- 



Pas^ive' 



cpUection methods are very :Selective 

^. , .^....^ ^ and do not Obtain reprwicntative samples of the 

ment (hoop nets, traps, etc') devices. The ftrkJ^^JcUal population. Active methods/aVe less sclec- 



limitations in obtaining qualitative and quantita- 
tive data on a fish population are ge'ar selectivity 
and the mobility and rapid recruitment of the 
fish. Gear selectivity refers to the greater success 
of a particular type of gear in collecting cbrtahi 
species, or sizes of fish, or boUi. All sampling 
gear is selective to some extent. Two factors that 
affect gear selectivity are: (I) the habitat or 
portion of^.habitat (niches) sampled and (2) the 
actual-efficiency of the gear. A further probTfffm 
is th^it the efficiency of gear for a particular 
species in one area does not necessarily apply to 
the same species in another area. Even if non- 
selective gear could be developed, the problem 
of adequately samplijig. an area is difficult 
because of the nonrandom distribution of fish 
populations. ^ 

Temporal changes. the relative abundanjbe of 
a single species can be assessed under a giycn set 
of conditions if that species is readily laken with 
a particular kind of gear, but the data, are not 
likely to refiect the true abundance of the 
species occurring in nature. 



tive and more efficient, but usually require more 
equipment and manpower Although 'the choice 
of methgd depends on the objectives of the 
particular fishery investigation, active methods 
_ are generally preferred. 

2.2 Active Sampling Techniques 

2,2. h Seines 

A haul seine is essentially a strip ;^of strong 
.--Hitting hung between a stout cork or float line at 
the top and a strong, heavily-weighted lead line 
at the bottom (Figure I). The wings of the net 
are often of iarger mesh than the middle 
portion, and the wings may taper so that they 
are shallower on the ends. The center portion of 
'the net may be formed into a^ag to aid in con- 
fining the fish. At the ends of th.e wings, the 
cork and lead hnes are often fastened to a short 
stout pole or brail. The hauling lines are then 
attached to the top and bottom of the brail by a 
short bridle. . " 
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Decpwater seining usually requires a boat. 
One end of one o^T tlie hauling lines is anchored 
on shore and the boat pays out the line until it 
reaches the end. The boat then changes direction 
and lays out the net parallel to the beach. When 
all of the net is h\ the water, the boat brings the 
end of the second hauling line ashore. The net is 
then beached rapidly. 

The straight seines (without bags), such as thje 
common-sense minnow . seings, can usually be 
handled quite easily by two people. The method 
of paying out^ the seine and bringing it in is 
similar to the haul seine, except the straight 
seine is generally used in shallow water where 
one member of the party can wade offshore 
with linos. , • ' 

Bag and 'straight seines vary considerably in 
dimensions and mesh size. The length varies 
from 3 to 70 meters, and mesh si/.e and net 
width vary with the size of the fish and the 
depth of the water to be sampled. \. 

Nylon seines are recommended becaikp of the 
ease' of maintenance. Cotton seines sl/ould be 
treated with a fungicide to prevent dedSy. 

Seining is not effective in deep water because 
the fish can escape over the floats and auider the 
lead line. Nor is it effective in areas that have 
snags and sunken debris. Although the results 
are expressed as number of fish captured, per 
unit area seined, tiuantitative seining is very 
difficult. The method is more useful in deter- 
inining the variety rather than the number' of 
fish Inhabiting the water. 

2.2.2 Trawls 

Trawls' are specialized submarine seines used 
in large, open-water areas of reservoirs, lakes, 
large rivers, estuaries, and in the oceans. They 
may be of -considerable size and are towed by 
boats at speeds sufficient to overtake djid en- 
close the fish. Three basic types are: (1) the 
beam trawl used to capture bottom fish (Figure 
2), (2) the otter trawr used to capture near- 
bottom and bottom fish (Figure 3), and (3),the 
mid-water trawl used to collect schooling fish'at 
various d^^ipths. 

. Yhe bearp trawls have a rigid opening and are 
difficult to operate Prom a small boat.; Otter 
trawls have vanes or^otter boards/' which^are 



attached to the forward end of each wing and 
are used to keep the mouth of the net open 
while it is being towed. The otter boards are 
approximately rectangular and usually made of 
wood, with steel strapping. The lower edge is 
shod with a steel runner to protect the wood 
when the otter slides along the bottom. The 
leading edge of the otter, is rounded near the 
bottom to aid in riding over obstructions. ^ 

The towing' bridle or warp is attached to the. 
board by four heavy chains or short heavy metal 
rods. The two forward rods are shorter so that, 
when towed, the board sheers to the outside and 
down. Thus, the two otters sheer in opposite 
directions and keep the mouth of the trawl open 
and on the bottom. Floats or corks along the. 
headropc keep the net frorh sagging, and the 
weights on the lead-line keep the net on 'the 
bottom. The entrapped fish are funneled back 
into the bag of the trawl (cod end). 

A popular small trawl consists of a 16- to 
20-foot (5- to 6-m) headrope, semiballoon 
modified shrimp (otter) trawl with 3/4-inch (1.9 
cm) bar mesh in the wings and cod end. A 1/4- 
inclKO.6 cm) bar mesh liner may \>q installed in 
the cod end if smaller fish are desired. This small 
trawl uses otter boards, the dimensions of which, 
in inches, are approximately 24 to 30 (61 to 
76 cm) X 12 to 18(30^to46 cm), X 3/4 to 1-1/4 
inches (0.9 tCS.p cm), and the trawl can be 
operated out of^.a medium-sizied boat. 

The midwaier trawl resembles an otter trawl 
with modifi^ed boards and vanes for controlling 
the trawling depth'. Such trawls are cumbersome 
for freshwater and inshore areas. 

Trawling data are usually expressed in weight 
of catch per unit of time. ^ ' 

T)\c use of trawls requires experienced person- 
nel. Boats deploying large trawls must be 
equipped with power winches and large motors. 
Also, trawls can not be used effectively if the 
bottom, is irregular or harbors snags or other 
dpbris. Trawls are best used to gain information 
on a particular species of fish rat(ier than to esti- 
mate the" overall fjsh population. See Rounsefell 
and Everhart (1953), Massman, Ladd and 
McCutcheon (1952) and Trent (1967) for 
further information on trawls. 
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2.2.3 Electro fishing 

Electrofishing is a sampling method in which 
' alternating (AC) or direct (DC) electrical current 
is applied to water that has a resistance different 
from that of fish. The differenc^'jn the resist- 
ance of the water and the fish to pulsating DC 
stimulates the swimming muscles for short 
periods of time, causing the fish to orient 
towards and be attracted to the positive elet- 
trode. An electrical field of sufficient potential 
to immobilize the fish is present near the posi- 
tive electrode. 

The electrofishing unit may consist of a 
110-volt, 60-cycle, heavy-duty generator, an 
electrical control section consisting of a 
mod if icd, commercially-sold, variable-voltage 
pulsator, and electrodes. The electrical control 
section permits' the selection of any AC voltage 
between 50 to 700 and any DC voltage between 
25 to 350 and pcrrnits control of the size of the ^ 
electrical field required by various types of 
water. The alternating current' serves as a stand- 
by for the direct current and is used in cases of 
. extremely low water resistance. 

Decisions on the use of AC, DC, pulsed DC, or 
alternate polarity forms of electricity and the 
selection of the electrode shape, electrode 
spacing, amQunt of voltage, and proper elquip- 
ment depend on the resistance, temperature, and 
total dissolved solids of the water. Light-weight, 
conductivity meters arc recommended for field 
use. Lennon '(1959) provides a comprehensive 
table and describes the system or combination 
of systems that worked best for him. 

Rollcfson (1958, 1961) thoroughly tested and 
evaluated AC, DC, and pulsating DC, and dis- 
cussed basic electrofishing principles, wave 
forms, voltage current relationships, electrode 
type^ and designs, and differences between AC 
and DC and their effects in hard and soft waters. 
He concluded that pulsating DC was best in 
terms of power economy and fishing ability 
when correctly used. Haskell and Adelman 
(1955) found that slowly pulsating DC worked 
best in leading vtish to the anode. Pratt (1951) 
also found the DC shocker to be more effective 
than the AC shocker. 

Fisher. (1950) found that brackish water re- 
quires much more power (amps) than fr^sti^ 



water, even though tl^e voltage drops may be ^ 
identical^* Seehorn (1968) recommended the yse 
of an electrolyte (sait blocks) when sampling in 
some soft waters to pro<Juce a large enough field 
with the electric/ shocker. Frankenberger 
(I960), Larimore, UurHam and Bennett (1950) 
and Lhtta 'and Meyers (J961) have excellent 
papers on boat shockers. Frankenberger and 
Latta and Meyers used a DC shocker and Lari^ 
more et al. an AC shocker. Stubbs CT9^), 
used DC or pulsed DC, andj^ his (aluminuhi) 
boat wired as the negative pole. In his paper, he 
also shows the design and gives safety pre- 
cautions that emphasize the use/<i^[je treadle 
switch or ''deadman switch" in case^ worker 
falls overboard. 

Backpack shockers that ar^, quite useful for 
small, wadeable streams have been described by 
Blair (1958) and McCrimmon and Berst (1963), 
as has a backpack shocker "for use by one man 
(Seehorri, 1968). Most of these papers give dia- 
grams^for wiring and parts needed. 

There are descriptions of electric trawls (AC) 
(Haskell, G&duliz, and Sholk, 1955,Jand Loeg,^ 
1955); electric seines (Funk, ' 1947; Holton, 
1954; and Larimore, 1961)rand a fly-rod elec- 
trofishing de^vice employing alternating polarity 
current (Lenrion, : 1961 ). 

The user must decide which design is most 
adaptable to his pa^iciilar needs. Before 
deciding whic)i design'^o use, the biologist 
should carefully f^view the Uttrature. Jhe crew 
should wear rubber boots and electrician's gloves 
and adhere strictly to safety precautions. 

Night samphng was found to be much more 
effective than^ day sampling. BrealC saippling 
efforts into 4ime units so that unit effort data 
^re available for. comparison purpose's. ^ 

2.2.4 Chemical fishing , , • 

'Chemicals used in fish sampling i^nclude 
rotenone, toxaphene,*cresol', copper sulfate, and 
sodium cyanide. Rotenone has generally be.en 
the most acceptable because of its high degrad- 
^ ability; freedom from such problems as precipi- 
tation (as with copper sulfate) and persistant 
toxicity (as with toxaphene); and; relative safety 
for the user, ) " 

Rotenone, obtained from the^derris root 
(Deguelia elliptica. East Indies) and cui^e root' 
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{Lonchocarpus nicour. South Amdrica), has 
been used extensively irr fisheries work through-, 
out the United 'StatesK and Canada since 1934 
(Krumhblz, 1948). Although toxic to man and 
warm-blooded animals (132 mg/kg)/ rotenone 
has not been condideted hazardous in the con- 
centrations used for fish eradication (0.025 to 
0.050 ppm active ingredient) (Hgoper, 1960), 
and has been employed in waters used for 
bathing 'and in some instances in drinking water 
supplies (Cohen et al., 1960, 1961). Adding acti- 
^va ted / carbon not only effectively removes 
rotenone, but it also removes the solvents, 
odors, and emulsifies present in all commercial 
rotenone forrpulation^". 

Rotenone obtained^ as an emulsion containing 
approximately ;5 'percent activ^ ingredient, is- 
recommended because of tlje ease of handling. It 
is a relatively fa«t-acting toicicant. In most cases, 
the fish will die within 1 to 2^;l|gurs after expo- ' 
sure. Kotenione decomposes rapidly in most 
lakes and ponds -and is quickly dispersed in 
streams. At . summer water temperatures, 
toxicity lasts 24 hours or less. Detoxification is 
brought ^about by five principal' factors: dis- 
solved oxygen, light alkalinity, heat, and turbid- 
ity. Of these, light and oxygen are the most im- 
portant, factors. 

Although the toxicity threshold for rotenone 
differs slighly among fish sp(icies, it has not been 
^widely used as a selective toxicant. It has, how- 
ever, been used at a con^ntration of 0. 1 ppm of 
the 5 percent emu^on \o ccJntrpl the gizzard 
shad (Bowers, 1955).^ ' '^^.^^ 

Chemical sampling is u:>ually employed on a 
spot basis, e.g. a short reach of river or an em- 
bayment of a lake. A concentration' of 0.5 ppm 
active ingredient will provide gopd recovery of ^ 
most species &f fish in acidic onslightly alkaline 
waters. If bullheads and carp are suspected of 
"being present, however, a concentration of 0.7 
pprn^ctive ingredient is recommended. If the 
water is turbid and strongly alkaline, and resist- 
ant species (i.e., carp arrtl bullheads) aret3>resent, 
use 1-2 pt^m. To obtain ai rapid kill, local con- 
centra tibns of 2 ppm can be used; however, cau- 
tion is advisjed because rotenon^dispersed into 
peripheral wafer arelis may kill fisfe-as long the 
concentration is above 0. 1 ppm. 



A very efficient method of applying emulsion 
products is to pump^t'^^ emulsion from a drum 
mounted in the bottoiVi of a boat. The emulsion 
is suctioned by a venturi pump (Amundson l|oat 
bailer) clamped on the outlroard motor. Tl\e 
flow can be mete^Gd by a valve at the drum hose 
connection^ This mejthod gives good dispersion 
of the chemical and gieater boat handling safety, 
since the heavy drum can be mounted in the 
bottom of a boat rather than above the gun- 
wales, as required for gravity flow, ^^k^ 

Spraying equtpment needed*^ to apply- a 
rotenone emulsion efficiently varies according to 
the size of the job. F^r small areas of not more 
than a few acres, a portable hand pump ordinar-- 
ily lised foi4garden spraying .or fire fighting is 
sufficient. The same size pump is also ideal for 
samj^ling the population of ^ small area. 

A power-Sriven pump is reco/nmended for a 
' large-scale or long-term, sampling program. A 
detailed description of spraying equipment can 
be found in Mackenthun and Ingram *( 1967). 
The capacity of the pump need not be greater . 
than 20p liters per ;ninute. Generally speaking, a 
[1-1/2 FTP. engine is adequate. 

The power application of rotenone emulsives 
requires a pressure nozzle, or a spray boom, or 
bbth, and sufficient plumbing and hose to con- 
nect with the pump. The suctioi^ line of the 
^ pump should be split by a "Y" to attach two 
intake lines. One line is ^sed to supply the 
toxicant from the drum, and the other line, to 
supply >j/ater from the lake or embayment. The 
valves are adjusted so the .water and toxicant are 
drawn into the pumping system in the desired 
proportion and mixed. 

In sampling a stream, select a 30- to 100:; 
meter reach depending on the depth and^ width 
of the stream; measure the depth of the section 
selecteti, calculate the area, and determine the 
amount of chemical required. Block off the area 
upstream and downstream with seines. To 
detoxify the area/ downstream from the rote- 
* norp, use potas^um permanganate. Care must 
be exercised, however, because potassium 
permanganate is toxic to fish at about 3 ppm. 

2. 2. 5- Hook and line 

Fish collection by hook anfd line 9an be as 
simple as using a hand-held rod or trolling baited 
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hooks or oMier lures, or it may take the form of 
long.,4pJrt lines or set lines with many baited 
hooks. Generally speaking, the hook and line 
method is not. acceptable for conducting a 
fishery survey, because it is too highly selective 
in the size and species captured and* the catch 
-per unit -of effort is too low.'^^lthough it can. 
only be used as al supporting technique, it may 
be the best method to obtain a few adult speck 
mens for heavy metal analysis, etc., where 
sampling with othe^ear is impossible. 

23 Passive Sampling Techniques ^ 



2.3.1 Entanglement Nets 

Gill and trammel itets are used extensively to 
sample fish populationsSn estuaries, lakes, reser- 
voirs, and larger riveri \, 

A gill net is usually set as an upright fence of 
netting and has^a uniform mesh\ size. Fish 
attempt to swim tKtough the net ana are caught 
in the mesh (Figure Jl). Because thy size of the 
mesh determines the species ancjksfze of the fish 
to be caught,"^ gill nets are considered selective. ** 
The most versatile type is an experimental gill 
net consisting of five different mesh size sec- 7 
tions. Gill nets can be set at the surface, in mid- 
w(^ter, or at the bottom, and they can be 
operated as static^Ti^r^or movable gear. Gill nets 
'm^de of multifilarnent or monofilament nylon 
are recommended. Multifilament nets cost less 
and are easier to use, but monofilament nets 
generally capture more fish."^he floats anc} leads 
usually supplied with the nets can cause net en- 
tanglement. To reduce this problem,* replace the 
individual floats with a float line made with a 
core of expanded foam and use a lead-core 
leadline instead of individual lead weights. 

The trammel net (Figure 5) has a layer of 
large mesh netting on each side of loosely-hung, 
smaller gill netting. Small fish are captured in , 
the netting and' large fish are captured in a 
"bag" of the gilP-netting that is formed as the 
smaller-mesh gill netting is pushed through an 
opening in the larger-mesh netting. Trammel 
nets We not used as extensively as are gill nets 
in sampling fish. 

ResiJLts^^ for both nets are expressed as the 
numbef or weight of fish taken per length of net 
per day. 



Stationary gill and trammel' ne^S are fished at 
right angles jto suspected fish movementSrand at 
any depth from the surface to the bottom. They 
may be held in. place by poles or anchors. The 
anchoring^ method must hold the net in position 
against any unexpected water movements such 
as, runoff, tides, or seiches, 

Dtifting gill or trammel nets are also set and 
I'ished the same as stationary gear, except that 
t^ey are not held in plac^ but are allowed to 
drift with the currents. This method requires 
constant surveillance when filing. They are 
generally se't for a short period of tim&, and if 
currents are too great, stationary gear is used. 

The use of gill nets in the estuaries 'may 
present special problems, and consideration 
should be given to tidal currents, predation, and 
optimum fishihg time, and to anchors, floats, 
and line. f' ^ 

The gunnels of any boat us^d in a net fishing 
operation should be free of riyets, cleats, etc., on 
which the net can 'catch, ' 

2.3.2 Entrapment devices 

With entrapment devices, the fish enter an en- 
closed area (which may be baited) through a 
series of^'one or more funnels and cannot escape. 
\ The hoop neti,and trap net are the most coih- 
mon types of entrapment devices used in fishery 
surveys. These traps are small enough to be de- 
ployed from a small open boat and are relatively 
simple to set. They are held in place with, 
anchors or poles and are used in water deep, 
enough to cover the nets, or to a depth up^tp 4' 
meters. , ■■' ;^ ' V:^/^^ 

The hoop net (Figure 6) is constructed by 
covering hoops or frames with netting. It has 
one or more internal funnels and does not have 
wings or a lead. The first two sections can be 
made square to prevdnt the net from rolling in 
the currents. 

The fyke net (Figure 7) is a hoop net with 
wings, or a lead, or both attached to the first-: 
frame. The second and third frames can each 
hold funnel throats, which prevent fish from" 
escaping as they enter each sectjjpn. The oppo-l 
site (closed) end of the net may be tied with a 
slip cord to facilitate fish removal. 
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Hoop nets are fished in rivers and. other waters 
where fish move in predictable directions, 
whereas the fyki^ net 1s used whert fish move- 
ment is more random such as in lakes, impound- 
ments, and estuaries. Hoop and fyke hets can be 
obtained with hoops from 2 to 6 feet (0.6 to 1.8 
meter*) in diameter, but any net over 4 feet (1 .2 
meters) in diameter is top large to be used in a 
fishery survey. - 

Trap ndt's use the same principle as hoop nets 
for capturing fish, but their construction is m6re 
complex. Floats and weights instead of hoops 
give the net its shape. The devices are expensive, 
require considerable experience, and are fished 
in waters deep enough to cover them. 

One of the most simple types is the minnow 
trap, usually made of wire mesh or glass, with a 
single inverted funnel. The bait i? suspended in a 
porous bag. A modification' of this^ type4& the 
slat trap; this employs long wboden slats in a 
cylindrical trap, and when baited with cheese 
bait, cottonseed cake, etc., if is used^ very suc- 
'cessfuUy in §am^ling catfish in large rivers 
(Figure 8). 

Most fish can be sampled by setting trap and^ 
hoop nets of varying mesh sizes in a variety of / in the 40 percent isopropyl ^cohol. 




habi tilts. HooJ and trap nets are made of cotton 
or nylon, ^Utynets made of nylon have a longer 
life and are/ lighter when. wet. Protect cotton 
nets frony decay by treatment^ Catch is;recorded 
as numbers or weight per unit of effort, usually, 
fish per nVt day. f ' 

3.0 SAMPLE PRESERVATION 

Preserve fish in tjie field in 10 percent forma- 
lin. Add- 3 grams borax and 50 ml glycerin per 
lit^o^of formalin. Specimens larger than 7.5 cm 
should be §lit on the side at least one-^third of. 
thet lefeth of the l(i0dy cavity to permit the 
• preservative to bathe the intemal-^rgans. Slit the 
fis^ph the right side, because the left side 'is^ 
generally use^d for measurements, scale sampling, 
and photographic records. ' 
V Fixation may take from a few hours with 
small specimens to a week or more with larger 
forms. After^^fixation, the fish may be washed in 
running water or by several changes of water for 
at least 24 hours and placed iji 40 percent 
isopropyl alcohol. One change of alcohol ^is 
necessary to remove the last traces of formaliif.^ 
Thereafter, they may be permanently preserved 




4.0 SAMPLE ANALYSIS 

4.1 Data Recording 

- ft- . ' ♦ f 

. The sample records should include collection 
number^jr'iiame of^^ater body, date, locality, and 
'Other pertinent information associated with the 
sample. Make adequate field notes for each col- 
lection. rWrift with water-proof ink and paper to 
ensure a permanent record. Place the label inside 
the container -with the specimens and havejhe 
label bear the same number or designation as the 
field notes, .including the locality, date, and col- 
lector's name. Place a numbered tag on the out- 
side of the container to make it easier to find a 
particular collection. Place any detailed observa- 
tions about a collection on the field data sheet. 
Record fishery catch data in standard units such 
as number or weight per area or unit of effort. 
Use the metric system for length and weight 
measurements. 

4.2 Identification 

Proper identification of fishes to species is im- 
portant, in analysis of the data for water quality 
interpretation. A list of regional and national 
references for fish identification is located at the 
end of this chapter. Assistance in confirming 
questionable identification is available from 
State, Federal, and university fishery scientists. 

4.3 Age, Growth, and Conditioii 

(Jhanges in water quality ^can be detected by 
studying the .growth rate of fishes. Basic 
methods used to determiirc the age and growth 
of fish include: - 

• Study of fi^length- frequencies, and 

• Study of^seakmal ring formations in hard 
bony parts sucnas scales arid bones. 

The length-frequency method pf age deter- 
mination depends on the fact that fish size varies 
with: age. When the number of fish per length 
interval is/ plotted on graph paper, peaks gen- 
erally appear for each age group. This method 
works best for young fish. ' 

The seasonal ring-formation method depends 
on^ the fact that fishi are cold-blooded animals 
and the /rates of their body processes are affected 
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by the temperature of the water in which they 
live. Growth -is rapid ^luring the warm season arid 

, slows greratly' or stops in winter. This seasonal 
change in growth rate of fishes is often reflected 
in zones or bands (annual rings) in hard bony 
structures, such as scales, otoliths (ear stone), 
and vertebrae. The scales of fish may indicate 
exposure to adverse conditions such as injury, 
poor food supply, disease, and possibly water 
quality. ; \ 
. Note the general well being of the fish - do 
they 'appea/ Emaciated? diseased from fungus? 
have open sores, ulcers, or fin rot? parasitized? 
Check the gill condition, also. Healthy fish will 
be active when handled, reasonably plump, 'and 

. not diseased. Dissect a few specimens and check 
the internal organs for disease or parasites. The 
stomachs can be checked at this.time to deter- 
mine if the -fish are actively'feeding. 

5.0 SPECIAL TECHNIQUES 

5.1 Flesh Tainting . 

Sublethal concentrations of chemicals, such as 
phenols, benzene, oil, and 2,4-D, are often re- 
sponsible for imparting an unpleasant taste to 
fish flesh, even when present in very low concen- 
. trations. Flesh tainting is nearly as detrimental 
to the fisheries as a complete kill. 

A method has been developed (Thomas, 
1959) in which untainted fish are placed in cages 
upsJtfeam and downstream from suspected waste 
-^quriies. This procedure will successfully relate; 
the -unacceptable flavor produced in native«fish 
if exposed to a particular waste source. , 

To ensure uniform taste quality before . expo- 
sure, all fish are held in pollution-free water for 
a 10-day period. After this period, a minimum 
of three fish are cleaned and frozen with dry ice 
as control fish. Test fish are/tITap»^ransferred to 
the test sites, and a minimum oHihree fish are 
placed in each portable cage. The cages are sus- 
pended at a depth of 0.6 meter for 48 to 96 
hours. 

After exposure, the fish are dressed, frozesn on 
dry ice, and stored to 0°.F until tested. The con- 
trol and exp<5sed samples are shipped to a fish- 
< tasting pai(el, such as 'is available at thfk food 
science and rechnotogy departments in mariy of 



11 



•BIOLOGICAL METHODS 



» thevmajor universities, and treated as follqws: (d) 
The fish are washed, wrapped in aluminum foil, 
placecj on slotted, broiler-type pans, and cooked 
in-a gas Qven at 400°F for 23 to 45 minutes 
depending on the size of the fish, (b) Each 
sample is boned and the flesh is flaked and 
mixed to ensure a uniform sample, (c) The 

. samples are served in coded cups to judges. 
Known and coded references or contrjol samples 

. are included irr each test. The judges score the 
flavor and desirability of each sample on a poiht 
scale. The tasting agency will establish a point 
on the scale designated as the acceptable and 
desirable level. _ ' ^ 

' 5.2 Fish Kill Investigations 

Fish mortalities result from a variety of 
cSuses, some natural and some man-induced. 
Natural fish kills are caused by phenomena such 
as acute temperature change, storms, ice and 
snow cover, decomposition of natural organic 
materials, salinity changes, /S^wning mortali- 
ties, and bacterial, parasitic, aijd viral epidemics. 
Man-induced fish kills may be^ttributed to 
municipal or industrial wastesk agricultural 
activities, and water manipulations-^J^Wnter kills 
occur in northern areas wh^re ice otrjbaUow 
lakes and ponds becomes covered with snO\^, 
and the resulting opaqueness stops photo- 
synthesis. The algae and vascular plants die 
because of insufficient light, and their decompo- 
sition results in oxygen depletion. Oxygen deple-r 
tion and extrcme'^pH variation can be caiused 
also by th6 respiration or decay pf 3lgae and'' 
higlier plants during summer months 'in very 
warm weather. Kills resulting .from such causes 
, are often associated with aperies of cloudy days 
that foUbw a period of hot, dry, sunny ^ays. 

Occasionally fish may be Tcilled by toxins 
released from, certain species of living or de- 
caying algae that reached high population 
densities because* of/ the increased fertility^-, 
suiting from organic pollution. ^ 

Temperature changes, either natural or the 



result of a heated' water discharge, wilL often 
result in fish kills. Long periods of very warm, 
dry weather may raise water temperatures above 
lethal ^levels for particular species. A wind- • 
induced - seiche may be ' hazardous to certain ' 
temperature-sensitive, deep-lake, cold-water fish, 
or fish of shallow coastal waters. /"^*">s<^ 

Disease, 'a dense infestation of parasil^ or 
natural death of weakened fish at spawning time 
must always be suspected as contributory 
factors in fish mortalities. 
, Explosions, abrupt water level fluctuations, 
hurricanes, extreme turbidity or siltation, dis- 
charges of toxic chemicals, certain insecticides, , 
algicides, and herbicides may eacfh cause fish ^ 
kills. / \^ > " ^ 

'Rx/cent investigations in Tennessee have 
shown that the leaking of small-amounts of very 
toxic chemicals from spent pesticide-Containing 
barrels used as floats fcSr piers and diving rafts in ^ 
lakes and reservoirs can produce extensive fish 
kills. ' - ' ' 

Fish die of old age, but the number so af- 
flicted at any one time is usually small. 

All possible speed must be exercised in con-, 
ducting^he initial phases of any fish kill investi- 
gation because fish disintegrate rapidly in hot 
oweather and the cause of death may disappear or 
become unidentifiable within minutes. Success 
ki solving a fish kill problem is usua41y related to 
the speed with which investigators can arrive ^t 
the scene after a fish kill begins. The speed or 
response ift' the initial^irivestigation is enhanced 
^through the training pf /qualified- personnel who 
will repoft immediatoly the locatipn of observed 
kills, the time that the kill was first -observed, 
the general kinds of organisms affected, a/i esti- 
mate of the number of dead fish involved, and 
any unusual phenomena associated with the kill. 

Because there is always the possibility of legal 
liability assodated with a fish kill, lawyers, 
judges, and juries may scrutinize the investiga- 
tion reporfT The investigation, therefore, must 
be made with great care. 
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BIOASSAY 



1.0 



GENERAL COl^SIDERATIONS 
The' term BIOASSAY 



.includes any test in 
which organisms are used to detect or measure 
the presence or effect of one or more substances . 
or conditions. The organism responses measured 
in these tests include: mortality, growth rate,:^ 
standing crop (biomass), reproduction, stimu- 
lation or inhibition ^or metabolic or enzyme 
systems, changes in behavior, histopathologyj 
and flesh tainting (in shellfish and fish). The 
^ultimate purpose of bioassays is to predict the 
response of natiVe populations of aquatic organ- 
isms to specific changes within the natural 
environment. Whenever possible, therefore, tests^ 
should be carried out with species that are native 
(indigenous) to the receiving water used as the 
diluent for the bioassay. Bioassays are important 
because in most case^ the success of a water 
pollution con trpl program must be judged in 
terms of the effects of water quaUty on the con- 
dition of the indigenous communities of aquatic 
organisms. Also, in many cases, bioassays are 
more sensitive than chemical analyses. 

Two general kinds of bioassays are recog- 
nized: 



laboratory test? conducted to determine the 
effects~Df a substance on a species; more or 
less arbitrary conditions are employed; 

in situ . tests conducted to determine the 
effects of a specific natural environment; 
the test organisms are held in "containers" 
through which the water circulates freely. 



The^^g^ft^l principles and methods of con- 
ducting la^ratory bioassays presented in 
Standard Methods for ti^e Examination of Water 
and Waste Water, 13th>tH4iQnj[APHi^ 
apply to 'most bioassays, and the des 
« methods can be used with many types of aquati 
organisms with onlj^, slight modification. 

'^e following arp: suggested improvements to 
the methods given in Standard Methods, 13 th 
edition (APHA, 1971). 

■ ■ , ■ % 




• The 48- and 96-hour LC50 values are 
presently important for determining com- 
pUance with water quaUty standards as 
established by various pollution control 
authorities. rShort-t^m threshold infor- 
mation can be derived by reporting LC50 
values at 24-hour intervals to deljjnpnStrate 
the shape of the toxicity curve. 

• Reports of LCSO's should state the method 
of calculation used and the statistical con- 
fidence Umits when possible. , 

• Rubber or plastic materials should be used 
in bioassay equipment only after consider- 
ation has been given to the possibiUty of 
the leaching of substances such as plas- 

^ ticizers or sorption of toxicants. 

• Test /materials should be a^Iministejipd in 
such a way that their physical and cHemical 
behavior approximates that in^ natural 
systems. 



Biological tests can be condjicted in any kind 
of water with proper precaiiuons, and although 
most tests have been>donducted in freshwater, 
the same general principles apply to brackish 
and salt waters. The literature contains a great 
many formulations for artificiab seawater. Of 
the^,^a modification of the Kester et s^l. (1967) 
formulation (LaRoche etal., 1970;^aroogian.et 
al., 1969) seems to support the greatest vatiety 
of marine organisms. When metaWontaining 
wastes are to be bioassayed, oi^itting EDTA and 
controlling trace metals, as described by Davey 
et al. (1970), is recommended. ^ ( 
Using a standard toxicant and a parallel s^ies 
a standard medium is recommended t^ help 
ess variations due to experinfiental technique 
the condition of the organisms. Such tests 
also^ useful in distinguishing effects due to an 
tered character of the effluent from changes 
in the sensitivity of the organism, or from 



ch^^rt^es in the quality of the receiving water. / 
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When making waste management decisions, it 
is- important to consider and tentatively define 
the persistence of a pollutant. Materials that 
have half lives less than 48 hours can be termed 
as rapidly decaying compounds; those with half 
lives greater than 48 hours, but less than 6 
months, as slowly decaying; and those com- 
pounds in natural waters with half lives longer 
than* 6 months, as long-lived persistent materials. • 

BkTassays can be conducted over almost any 
in^al of time, but the test duration must be 
^propriate to the life stage or life cycle of the 
test organisms and the objectives of the investi- 
gation. The purpose of short-term tests, such as 
acute mortality tests, is to determine toxicant 
concentrations lethal to a given fraction (usual|y 
50 percent) of the organisms during a short 
period of their life cycle. Acute mortahty tests 
with fish generally last about 4- to 7 days. Moist 
toxicants,^ however, cause adverse effects at 
levels below those that cause mortality. To meet 
this need, long-term (chronic) tests are designed 
to expose te,st organisms to the toxicant over 
their entire life cycle and measure -the effects of 
the toxicant on survival, growth, and reproduc- 
tion. Sometimes only a portion of the life cycle 
is tested, such as studies v involving growth or 
emergence of aquatic insects^ With fish, such 
tests usually last for 30, 60, or 90 days and are 
often termed subacute. • 

- Laboratory bioassays may be conducted on a 
"static" or "continuous flow" basis. The specific 
needs of the investigator ind available test facil- 
ities determine which technique ^puld be used. 
The advantages and applications ef^ch have 
been described in StaridardVMetfiods, (APHA, ^ 
1971)^ and. by the Naiional Techitical Advisory. 
Committee (19(58:). Generally, the continuous- - 

^ flow technique sfibuld b^ used where possible. 

"Apparatus adyahtaigedus for conducting flow- 
through tests includes diluters (Mount and 
Warner, 1965T Mount and Brungs, 1967), valve 
controlling systems (Jackson and Brungs, 1966) 
and chemical metering pumps (Symons, 1963). 

The biological effects of .many industrial 
wastes are be^t evaluated in the field; trans- 
porting large volumes of industrial wastes to a 
laboratory for bioassay purposes can be imprac- 
tical. Testing facilities are best located at the site 



of the waste discharge. A bioassay trailer 
(Zillich, 1969) has proven useful for this pur- 
pose. In situ bioassay procedures are also a good* 
method for denning the impact to aquatic life 
below the source of industrial waste discharges 
(Basch, 1971). • . . 

Biomonitoring, a special appUcation of biolo- 
gical tests, is the use of organisms rto provide 
information about a surface water, effluent, or 
mixture^ thereof on a periodic or continuing^ 
basis. Fcff the best results, biomonitoring sl^uld; 
maintain bontinupus surveillance with the use of 
indigenous spegies in a flow-through system^^^^ 
under conditions that approximate the natufal^ 
environment. 

2.0 PHYTOPLANKTON - A^LGAL ASSAY 

The Algal Assay Procedure: Bottle Test was 
published by the Natijemal Eutrophication Re- . 
search Program (USEPA, 1971) after 2 years of 
intensive evaluatjon, during which excellent 
agreement of the data was obtained among the 8 
participating laboratories. This test is the only 
algal bioassay that has undergone sufficient eval- 
uation and refinement to be considered reliable. 
The following material represents only a brf&f ^ 
outline of ^he test. For more explicit details, see 
the references. 

2.1 Principle 

An algal assay is based on /the principle that 
growth is Umited by the nutrient that ^s present 
in shortest supply vfith fespect to the needs of 
the organism. The test can be used to identify 
algal growth-Umiting nutrient^, to derefmine 
biologically the availability of algal ^ growth- 
limiting nutrients, to quantify the biological 
response (algal grdwth response) to changes in 
concentrations) of algal growt'ii-limiting nutri- 
ents, /and to determine whether or not various 
compounds^or water samples are toxic or inhib- 
itory to algae. 

2.2 Planning Algal Assays 

The specific experimental design of each algal 
assay is dictated by the particular problem to be 
solved. All pertinent ecological factofs miist be 
considered in planning a given assay to ensure 
that valid results and' conclusions are obtained. 
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•Water quality may vary greatly with time and 
locatidn in lakes, impoundments and streams. If 
meaningful data are to be obtained, therefore, 
the-sampling program must take these variations 
into account. ' ' ' 

2.3 Apparatus and Test Conditions 

2,3.1 Glassware 

Use good-quality borosilicate glasswarie. When 
'Studing trace nutrients, use special glassware 
such as Vycor or . polycarbonate- containers.' 
Although^container size is ho,t critical, the sur- 
face to Volume, ratios are critical l?ecause of 
ppssible carbon limitation. The recommended 
sample volumes for use in^Erlei>meyer flasks are: 
40 ml in a^HSinl flask; 60 ml in a^O mlJFlask; 
and 1 00 m^ in a ^00 ml flask.^ Use culture 
^jctosures^^such^s loose-fiUiag aluminum foil or 
inverted beakers to p&rmit good gas exchange 
and prevent contamination. 

2.5:5 Illumination 

After inoculation, incubate the flasks at 24 ± 
2°C under cool-white fluorescent lighting: 200 
ft-c (21 52 lux) ± 10 percent for blue-green algae 
and diatom test species, and 400 ft-c (4304 lux) 
± 10 percent for gre&n algae test species. Meas- 
ure the light intensity adjacent to the flask at 
the b'quid level. ' ^ 

2.3.3 pH . 

To ensure the ayaila bill ty of carbon dioxide, 
maintain the pH of tlie incubating cultures 
feelow 8.5 by lising 4he sample Volumes men- 
tioned above and shaking the cultures -at 100^ 
oscillations per minute. In samples containing 
high concentrations of nutrients, such ashrghly- 
producti^e surface waters or domestic waste 
effluents, it may be necessary to bubble air or an 
air/carbon dioxide mixture through the culture 
to maintain the pH below 8.5. 

2.4 Sample Preparation 

Two alternate methods of sample preparation . 
are recommended, depending upon the type of • 
information to be obtained from the sample: 



membrane filtration (0.45 pore diameter) - 
remove the indigenous, algae by filtration if 



you wish to determine the growth response 

to growth-limiting nutrients which have not 

been taken up by filterable organism?, or if 

you wish to "predict the effect of adding 

nutrients to a test water at a specific time. 

• autoclaving — autoclave samples if you wish 

to determine the amount of algal biomass 

that can be growk from all nutridlts in the 

water,*^ including 'mos'e in the plankton. 

Autoclaving sblubilizes the nutrients in the 

indigenous filterable organisms and releases 

* them for use by the test organisms. 

J ■\ ' ' ■ 

2.5 Inoculum 

The algal test species may be one of^those 
recommended in the Bottle Test or another that 
has been obtained in unialgal culture. Grow the 
test species in a culture medium that minimizes 
the intracellular carryover of nutrients in the 
test species when transfeireS from the stock 
culture to the test water (Table I.) When take^ 
from the stock culture, centrifuge the teSt cells 
and discard the supernatant. Resuspend the 
sedimented cells in an appropriate volume of 
, glass-distilled water containing 15 mg, sodium 
bicarbonate per liter and recentrifuge. Decant 
the supematen^ resuspend th^ algae in fresh 
bicar^bonat^^blunon, ^d use as the inoculum. 
The. amount of inoculufn°depends upon the algal 
test species usea. The following initial cell con- 
cenjfra tions are recommended: . 



Test organism * 

Selenastrum capricornutum 
A mbaena flos-aquae 
Microcystis aeruginosa 



Initial cell count/nil 

1000/ml 
50000/ml 
5P000/ml 



Prepare teat flasks in triplicate. 

2.6 Growth Response Measurements 

The method used to determine growth re- 
sponse^ during incubation depends on the 
equipment available ."^Cells may be counted with 
a microscope, - using a h^acytometer or a 
Palmer-Maloney or Sedgwibk-Rafter plankton 
counting chamber., The amount of algal biomasS^ 
may be determined, by measuring the optical 
density ^f the. culture at 600 -750 nrti with a 
colorimeter or spectrophotometer. The amount 
of chlorophyll contained in the algae may be 
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TABLE 1 . STOCK CULTURE AND CONTROL NUTRIENT MEDIUM 



• MACROELEME^a'S: ^ 


Compound 

\ 


concentration 
(mg/l) 


Element 
furnished 


, Element 

concentration 

(mg/l) ^ 


NaN03 • 
K2HPO4 . 

MgCl2 

MgS04-7H20 

CaCl2'2H20 
NaHCOa , 


25.500 ^ 
1.044/ 

5.700 
14.700 

4,410 
15.000 ' 


,N 
P 
K 
Mg 

Mg-^ 
S 

Ca 
Na 


4.200 
0,186 
^68 
1»56 
1.450 

, -Kau- - 

< 1.203 . . 

ii.ao4 


(If the medium is to be filtered, add the following trace-element-iron-EDTA solution from a single 
combination stock solution after filtration. With no filtration, K2tjlP04 should be added last to avoid 
iron precipitatipn! Stock solutions of individual salts ma/ be made up in 1000 x's final concentration 
or less,) , ' - . 




MICROELEME>a'S: 






H3BO3 

MnCl2 

ZnCl2 

C0CI2, 

CUCI2 ' 

Na2Mo04'2H20 

FeCl3 

Na2EDtA-2H20 


(Mg/i) 
185.64 
264,27 
32,70 * . 
0,78 

^ 0.009 
7.26 

: 96 

' ^ 333 


B 

Mn 
Zn 
Co , 
Cu , 
Mo, 
Fe 


. ^ 0^1) 

: ' 33 

/ 114 
- 15 

0.35, 

0.003 

" 2.88 

33 


' . . ' r, f ■ 



measured either directly (in vivo) by fluoro 
metry or after e^xtracftion by fluorometry or 
spectrophotometry. If available, an electronic 
particle counter wiir provide an accurate and 
rapid ceunt of the cells. All methods used for 
determining the algal bioniass should be related 
to a dry weight measurement (mg/l) determined 
gravimetrically. (See the Plankton Section of the 
manual, for analytical details. ) , 

2.7 Data Evaluation 

Two parameters 5Sre used to describe the 
growth pf^a test alga: maxiinum specific growth' 
rate and maximum standing crop. The maximum 
specific gipwth rate (Mmax) for an individual 
flask is the largest specific growth /ate (/u) 
occurring at any tim^ during incubation. The 
Mmax /or ^ set of replicates is determined by 



averaging the Mmax of ^he individual flasks. The 
specific growth ratCj/i^is defined by: ^ 



ln(X2/Xi) 
t2-t, 



where: 
X2 



= log to the base "e" * 
= biomass concentration at the end of the 

- selected time interval- ^ 

- biomass concentration at the beginning 
of the selected time interval 

^2 r ti = elapsed time (days) betVeen selected 
'determinations of biomass 
Because the maximum specific growth Tate 
(Mmax) occurs during the logarithmic phase of 
growth (usually between day 3 and day 5), the 
biomass must be measured at least daily- during 
^ ,the first 5 days of incubation. 
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The maximum standing crop in any » flask is 
defined as the maximum algal biomass achieved 
djiring incubation. For practical purposes, the 
maximum standing crop is assumed to have been 
achieved when the rate of increase in biomass 
has declined to less than 5 percent per day. 

2.8 Additions (Spikes) 

The quantity of cells produced in a given 
medium is limited by the nutrient present in the 
lowest relative quantity with respect to the 
needs of the organism. If a quantity , of the 
limiting substance were added to the test flasks, 
cell prdtluction would increase until this addi- 
tional supply was depleted or until some other 
substance became limiting to the organism. 
Adding substances other than the limiting sub* 
stance would not increase algal growth. Nutrient 
additions may be made singly or in combination, 
and the growth response can be compeared with 
that of unspiked controls to identify those sub- 
stances that^ijmit growth rate or cell production. 

In all instances, the volume of a spike should 
be . as small as possible. The concentration of 
spikes vtill vary and ' must be matched to the 
waters being tested. When selecting the spike 
concentration, keep in mind that (1) the con- 
centration should be kept small to minimize 
alterations of. the sample, but at the same time, 
be sufficiently, large to yield a potentially 
measureabl^resppnse; and^2) 'the concentration . 
should be related to the fertility of the sample. 

2.9 Data Analysis and Interpretation 

Present the results of spiking assays together 
vj^ih the results from two types of^?eference 
samples: the assay reference medium and un- 
spiked samples of the water under consideration. 
Prefe^bly, the entire growth curves should be 
presented for each of the two types of reference 
samples. Present the results of individual assays 
in the form of the maximum specific growth 
rate (with time of occurrence) and maximum 
standing crop (with time at which it was 
reached), both with the confidence interv^al 
indicated. 

Growth rate limiting nutrients can be deter- 
mined by spiking a number of replica tg ^^flasks 
with single nutrients, determining the m^^imum 



specific growth rate 4!or each flaslf, and com- 
paring the averages by a Students' t-test or other 
appropriate statistical tests. 

Data analysis for multiple nutrient spiking-can 
be perform^ by analysis of variance, calcu- 
lations. In multiple nutrient spiking, accounting 
for the possible interaction between different 
nutrifents is important and can readily be done 
by factorial analysis. The same methods de- 
scribed above can be used tp determine the 
nutrient limiting growth of the maximum 
standing crop. \, 

2J0 Assays to Determine Toxicity 

As previously pointed put, the assay may be 
used to determine Whe t her nor not various ^com- 
pounds or water samples .^e eithbr toxic or 
inhibitory to algal growth. In this cltffe^the sub- 
stance to be; tested for toxicity is added to the 
standard algal culture mediuiji in varying con- 
centrations, thfe algs^l test species is added; and 
either the maximum standing crop or maximum ' 
specific growth rate (or both) determined. These 
are then /compared to those obtained in the 
staadard^culture medium without the additions 
(controls). The LC50, or that concentration at 
which either 50% of the maximum standing crop 
or maximum specific- growth rate is obtained, as 
compared with the .controls,. is then calculated: 

3.0 PERIPHYTON ^ 

Uniform methods for conducting bioassayS 
with periphyton have not been developed, and 
their environmemal requirements and tox- 
icplogy are still relatively unknown. Many of the^ 
common species have not been successfully » 
cultured, and the bioassays thait have been 
carried 6ut with the algae and other micro- 
organisms^ occurring in this community were, 
conducted principally to screen potential' 

f des, fungicides, and other control agents, 
kinds of tests can be conducted with 
hyton: static and continuous flow. 

3.1 Static 

Because the techniques currently employed in 
the Algal Assa>\*Procedure: Bottle Test (USEPA, 
1971) have been more rigorously tested than 
any procedure previously used for periphyton, 
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this method is recommended for static bioassays 
with the periphyton. ^ 

3.2 Continuous Flow 



ly periphyton grow well only in flowing 
water and can be studied only in situ or in arti- 
ficial streams (Whitford, 1960; Whitford et ai, 
1964). The following procedure, which is similar 
to the method described by Mclntire et al 
(1964), is tentatively recommended at this time. 

• Test Chamber — Twin, inter-connected 
y ' channels, each approximately 4" ^ 4" X. 
. 36", with tw^inches of water circulated by 



a paddle wheel. Duplicate chambers should 
be prpvided for each condition tested 
(Figixres 1 and 2). 
Current velocity — 30 cm /sec. 
Temperature — 20° C 

Light - 400 fc, cool-white (daylight) 
fluorescent lamps 
^ Culture medium — Optional 
a. Algal Assay-Medium (Tabl6 1 ). *' 
. b. Natural surface water supply 

Where direct how-through is not ^pro- 
vided,, the water exchange rate should 
ensure a complete change at least six 
times daily. ' 



WATEi=? SOURCE 



FLOWMETER 




WATER SUPPLY 
CONTROL VALVE 



SCREW 
CLAMP 



2.5cirfi^ LD. RUBBER 
TUBING 



PAQOLE WHEEl 



ELECTRIC VARIABLE 
SPEED MOTOR 




TROUGH-DIMENSIONS 
INSIDE WIDTH = ,25cm 
INSIDE LENGTH = 3m 
INSIDE DEPTH 20cm 



-PINCH CLAMPS 

NPUT AND OUTPUT 
SAMPLE BOTTLES 



Figure 1. Diagram of laboratory stream* showing the paddie wheel for circulatii%rth)s water between the two 
interconnected troughs and the exchange water system. (From Mclntire e/fl/., 1964). * 



ADJUSTABLE HEIGH.T 

1500 WATT . 
INCANOESCEt^T LAMP 

J' : 1 



^ATER JACKET OVERFLO# 




^Scm ANGtE IRON 
WOOD STRIP ' 
^6mm LUCITE TOP" 
^Jcm HARD RUBBER GASKET 

-LfP OF CHAMBER 
WODO STRIP . 
2cm X 3mm IRON STRIP 



PERIPHYTON J3I0ASSAY 



FILTERED WATER SliPPLV LINE 

SCREW 6LAMP 

ft TYjQfijt TUBING 



^ 4 SCREV 




limm Y- SHAPED 
CONNECTING 
TUBES' 



TYOON 
flJBlNG < 



CHAMBER 
DRAIN 

WATER-JACKET ^ 
^ INLET AND OUTlET 



• CHAMBER-DIMENSIONS 



INSIDE WIDTH ^50cm 
INSIDE LENGTHS 60dm' 
INSIDE DEPTH m i7cm 
2cm MARINE PLYWOOD' WATER JACKET 



14 GAGE 
COLD ROLLED 

.STEEL. 
PORCELAIN 
COATEff 



FLOWMETER 




CHAMBEf^ DRAIN 



INSTRUMENT PORT) 

5cm I D 7 5cm LG . 

tlVio^o^^^^ ' f STAINLESS STEEL 
STOPPER CURRENT DIFFUSION 

CHAMBER 




CHAMBER BY- PASS 
SCREW CLAMPS 



Figure 2. Diagram of photo^n thesis-respiration chamber, showing the chamber with its. circulating and ex- 
change water systdms, the watlr jacket ftSt temperatur^c^fhtrol, the nutrient and gas*concentration control system, 
and the light source;^ ■ ' . ■ • 
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/Test organism(s) ^ Optional; filanjentous 
blue-green or green algae orxyatoms. t ' * 

a. Unialgal cultufe - No standard test 
organisms are available^ ^ \ 

b. Periphytonvcommunity — Use "seed" of. 
periphyton from the water ^re source for 
which the qiata are being developed. 

Acclimatization period — The culture (or 
community) should be allowed to cjevelop 
in the test chambers foj* a minimum of two 
weeks before introducing the test condi- 
tiori. ^ - • 

Maintaining test conditions — Chemicals are 
added to the water supply prior to flow 
intQ'the test chamber Temper^ure control 
may be maintained by placing thermostat- 
ically controlled 'heating (or cooling) 
eleme'nl^s in the channel. 
» Substrate - A minimum of eight r'.)< 3". 
plain gfess slides should beypllaced on the 
bottom (?f . each channel. ' % T • , " 



V Test duration — Two^ weeks 

► Evaluation — The effects of the test 
condition are evaluated.^at the end of the 
test period by comparing the biomass and 
community structure in the test chambers 
with that of the: control chambers. (See; 
Periphyton Section for^mietJiodology.)P 

a. Biomass .— Use four of the eight slides; 
analyze individually. ^ 
: ( 1 ) Chlorophyll a (mg/m^ ) 
' ■ ^ (2) Organic matter (Ash-free weight, 
g/m^) ^ 
b; Cell count and identification — Use four 
pooled sUdes. ^ . ^ ' . . 
(1 ) Cell density (cell^/mm^^ ) 
. (2) Species proportional count . 
(3) Community diversity . (Diversity 
Index) • - / 

"Toxicity — Jhe toxicity of a chemical or 
effluent is expre^ed as the LC50, which is 
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the concentration of toxiciint resul|lfig in a 
. 50% reduction in the biomass or c^ll count. 
" Community diversity is not affected in the 
'same manner as ^biomass and cejl. counts,* 
and would yield a much different value. 

4 0 MACROIN VERTEBRATES 

> In general, most of the considerations covered 
by, Standard Methods (APHA, 1971) apply 
equally well to macroinvertebrate tests in fresh 
and marine waters. Recent refinements in acute 
and chronic methodology for -aquatic insects, 
amphipods, mussels, and Daphnia have been 
described by Gaufin (1971), Bell and^Nebeker 
(1969), Arthur and Leonard (1970), Dimick and 
Brecse (1965), Woelke (1967), and Biesinger and 
Christensen (1971), respectively.. 

5.0 FISH. V-^^-^ 
The general principles and methods for^ute 
and chronic laboratory fish toxicity test^are 
presented in Standard Method^APHA," 1971) 



\ 



and in the report of the National Technical 
Advisory Committee (1968). Sprague (1969, 
1970) has recently reviewcJd many of the prob- 
lems and the terminology associated with fijsh 
toxicity- tests. 

Chronic t e sts ate bee oming increasingly 
important as sublethal adverse effects of more 
and more toxic agents are found to be signifi- 
cant. At present, a chronic fish bioassay tfest is a 
relatively sophisticated research procedure and 
entails large allocations of manpower, time, and 
expense. Important contributions in this area 
include those by Mount and Stephan (1969), 
Brungs (1969), Eaton (1970), and McKim.e/aA 
(1971). ' 

Two procedures for chronic toxicity tests 
using the fathead minnow, Pimephales prornelas 
Rafinesque,- and the brook trout, Salvelinus 
fontinales (Mitchell), developed by the -staff of 
4he National Water Quality Laboratory, U.S. 
Envir Jfimental Protection Agency, Duluth, 
Minn'., are presented following the references in 
this section. il 
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kECOMMENDED BIOASSAY PROCEDURES 
NATIONAL WATER QUALITY LvVBORATORY 
' " , , DULUTrt.'^INNESOTA 



RecoHHnended Bioassay Procedures are, estab- 
lished by the approval of both the Committee 
on Aquatic Bioassays and the Director of the 
National Water Quality Laboratory. The main 
reasons, for establishing them are: (1) to permit 
direct .comparison oT test results, (2) to en- 
courage the use of the best procedures av^lable, 
and (3) to encourage uniformity. These proce- 
dures should be used by National Water Quality 
Laporatory personnel whenever i^ssible, unless 
there is a good, reasoh for using some other 
procedure. 

Recommended Bioassay Procedures consider the 
basic elements that are- believed to be important 
in obtaining rel^ble and reproducible results in 



laboratory bioassays. An attempt has been made 
to adopt the best acceptable procedures based 
on current evidence and opinion, although it, is 
recognized that alt^mativfe procedures may be 
^"alteqtiite. Improvements^ the procedures are 
being considered and te*sted, and revisions will 
•be^made when necessary. Comments and 
suggestions are encouraged. 



Director, National Water Quality Lab (NWQL) 
Committee on Aquatic Bioassays,* NWQL 



150 



JFathead Minnow Pimephales projnelas 
Rafinesque Gironic Tests * 

April, 1971 
(Revised J^uary, 1972) 



•'••■* ? ^ 

1.0 PHYSICAL SYSTEM 
|1.1 Diluter 

Proportional diluters (Mount and Brungs, 
1967) should be - employed for all long-term 
exposure,s, Check the operation of t'he diluter 
' daily, either directly ot through measurement of 
toxicant concentrations. A minimum of ^five 
toxicant concentrations and ope control should 
be used for each test vvith a dilution factor of, 
not le^y than' 0.30. An automatically triggered 
emergency aeration and alarm system must be 
installed to alert staff in case of diluter, teihpera- 
ture control or water supply failure. 

1.2 Toxicant Mixing 

A container to promote mixing of toxicant- 
bearing and w-cell water should be used between 
diluter and tanks for each concentration. 
Separate, delivery tubes should run from this 
containet to each duplicate tank. Check at least 
once every month to see that the intended 
ffmounts of water are going to each duplicate 
tank or chamber. 

1.3 Taril^ 

Two arrangements of test tanks (glass, or 
stainless steel with glass ends) can be utilized: 

a. Duplicate spawning tanks measuring 1 X 1 
X 3 ft. long with a one sq. ft. portion at 
one end screened off and divided in half for 

;the progeny. Test water is to be delivered 
separately to th^ larval and spawning 
chambers of each tank, with about one- 
third the water volume going to the former 
chamber as to the latter/ 

b. Duplicate spawning tanks measuring 1 X 1 
X 2 ft. long with a separate duplicate 
progeny tank for each spawn^g tank. The 
larval tank for each spawning tank should 
be a minimum of 1 cu. ft! dimensionally 

■ \ 
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and divided to form two separate larval 
chambers with separate standpipes, or 
separate 1/2 sq. ft. tanks m^y be^ed. Test 
water isMo be supplied by deliyery tubes 
from the mixing cells described in Step 2 
above. ^ • ^ . 

Test water depth in tanks and chambers for 
both a and b above should be 6 inches. 

1.4 Flow Rate 

The flow rate to each chamber (larval or 
adiilt) should be equal to 6 to iO tank 
vojames/24 hr. 

1 .5 AcFfttion 

Total dissolved oxygen levels should never be 
allowed to drop below 60% of. saturation, and 
flow rates mustfbe increased if oxygen levels do 
drop below 60%. As a first"altemative,ilow rates 
can be increased above those specified in 1.4. 
Only aerate (with oil free air) if testihg a non- 
volatile toxic agent, and then as a last resort to 
maintain dissolved oxygen at 60% of saturation. 

1 .6 Cleaning ^ 

All adult tanks, and larvae tanks and chambers 
after larvae swim-up, must be siphoned a mini- 
mum of 2 times weekly and brushed pr scraped 
when algal or fungus growth becomes excessive. 

1.7 Spawning Substrate 

Use spawning substrates made from inverted 
.cement and asbestos halved, 3-inch ID drain tile, 
or the equivalent, each of these being 3 inches 
long. . . 

1.8 Egg Cup 

Egg incubation cups are made from either 
3-inch sections of 2-inch OD (1 1/2-inch ID) 
polyethylene water hose or 4-oz., 2-inch OD' 
round glass jars v/ith the bottoms cut off. One 
end of the jar or hpse sections is covered with 
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stainless steel or )lylon screen (with a. minimum 
of 40 n^eshes per Mnch). Cups are oscillated in 
the test watert^fy means of a rocker arm appara- 
tus driven by a 2 r.pim. electric motor (Mounts 

; 1968). The verticdl-travel distance of the cups 

.1 shbuld be 1 to 1 1/2 inches. 



^;l;9 tight 

ji|^:j^rhe lights used should simulate sunlight as 
neatly a^^ possible. A combination of Duro-Test _ 
(Optima FS)^ -^ and wide spectrum Grow-lux^ 

L;^ 'fluorescent tubes has proved satisfactory at the 

-"1.10 Photoperiod 

The photoperiods to t)e used (Appendix A) 
' simufate the dawn to dusk times of Evansville. 
Indiana. Adjustments in day-length are to brf 
ST^ma^e on the first and fifteenth day of ever)|^ 
'\ Evansville test month. The table is arranged so 
;^ ^-that adjustments need be made only ih.the dusk 
^ times. Regardless of the actual datje that the 
experiment is started, the Evansville tor photo- 
period slf^ld be adjusted so that the jnean or 
estimated hatching date of the fish iised to start 
the experiment' corresponds Jjo the Evansville 
test day-length for Decembeij first. Also, the 
dawn' and dusk times listed in fflie table need not 
ct)rrespond to^ the actual times/ where the experi- 
ment is b^g conducted: Ao illustrate these 
points, an experiment sWted with 5-day-old 
larvae in Duluth, MinnesoW on August. 28 
(actual date), would require i^e of a December 5 
Evansville test photoperiod, dnd the lights could 
go on anytime on 'that day jkt so long as they 
remained on for 10 hours aiJd 45 minutes. Ten 
days later (Sept. 7 actual dJte, Dec. 15 Evans- 
^MllQ test date) the day-lengtll would be changed 
to 10 hours and 30 minutes/ Gradual changes in 
light intensity at dawn, anfl dusk (Drukmond 
and Dawson, 1970), ifydfesired, should be in- 
cluded within the day-l^gth§ showii, and should 
nqt last for more tha/ 1/2 hour from full on to 
fuil off and vice vei;?a. W 



*M^ion of tTiuMianics does not constitute endorsement. 
^Duro-Test, inc., Hammond, I nd. 
^Sylvania, inc., New Yojk, N. Y. 



Ml Tempprature 

Temperature should not deviate instanta- 
neously from 25°C by more than 2°C and 
"should not remain outride the range of 24 to 
26°C for more than 48 hours at a time. Temper- 

irued 



ature should be recor„aed continuously.^ 

. ^ - . ^ . . - N 
L12 Disturb;ance 

Adults and larvae should be shielded from 
jdisturbanc^s such as people continually \yalking 
past the chambers, or from extraneous lights 
that might alter the intended photoperiod. 

1.13 Construction Materials ^ 

Constniction materials which contact the 
diluent water should not contain leachable sub- 
stances and should not sorb significant amounts ^ 
of substances from the water. Stainless steel is ir 
probably the preferre'd construction material. 
Glass absorb^ some trace* organics significantly. 
Bubbet shi^gjd not b^j^used. Plastic containing 
fillefs, addiflVes, stabilizers, plasticizers, etc., 
should not be used. Teflon, nylon, and their 
equivalents should not contain leachable 
materials and should not sorb significant 

- amounts of most substances. Unplasticized poly- 
ethylene polypropylene should not contain 
leachable substances, but may sorb yery signifi- 
cant amounts of trace organic compounds. 

? ' ■ 

L14 Water 

The ^ater used should be from a* well or 
spring if at all possible, or alternatively from a 
surface water source. Only as a last resort should 
water from a chlorinated municipal water supply 
be used. If it is thought that the water supply 
could be conceivably contaminated with fish 
pathogens, the water should be passed through 
an ultraviolet or similar sterilizer immediately 
before it enters the test system. 

2.0 ( BIOLOGICAL SYSTEM 



est Animals 



If jfeossible, use stocl:s of fathead pinnows 
fror^he National Water -Quality Laboratory in 
Djfluth, Nfinnesota or the Fish To^cicology 
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Laboratory in Newtown/ Ohio. Groups of 
starting fish- sTioiH(J^^/etmtain a mixture of 
approximately -equal number of eggs or larvae 
from at least thre^ different females. Set aside 
enough eggs or larvae at the start of the test to 
supply an adequate'num^r of fish for the acute 
mortality bioassays used in determining appli- 
. cation factors. . 

.^,2.2 BegMningTest . 

^ In beginning the test, distribute 40 to 50 eggs 
or N to 5-day-old larvae per duplicate tank using 
a stratified random assignment (see 4.3). All 
acute mortality te^ts should be conducted when 
the Qsh are 2 to 3 nionths old. If eggs^or l-to 
5-day^d larvae are not available, fish^up to 30 ^ 
days of age may be used to start the test. If fish - 
between ,20 and 60 days old are useol^, the 
exposure should be designated a partial chronic 

^ test. Extra test animals may be added at the 
beginning so that fish can be removed periodi- 
cally for special examinations (see 2.12.) or for 
residue analysis (isee 3.4). . 

2.3 Food ^. 

Feed the fi^ a frozen trout food (e.g., Oregon 
Moist). A minimum of once daily, fish should be 
fed dd libitum the largest pellet they will take. ^ 
Diets should be supplemented weekly with live 
or frozen-live food (e.g., Daphma, chopped 
earthworms, fre^ or frozen brine shrimp, etc.). ^ 
Larvae should be fed a fine trout starter a 
minimum of 2 times daily, ad libitum; one 
feeding each day of live young zooplankton 
from mixed cultures of small copepods, rotifers, 
and protozoans is highly recommended. Live 
food is especially important when larvae are just 
beginning to feed, or about 8 to 10^ days after 
egg deposition. Each batch of food should be 
chA:ked for pesticides (including DDT, TDE, 
dieldrin, lindane, methoxychlor, endrih, aldrin, 
BHC, chlordane, toxaphene, 2,4-D, and PCBs), 
and the kinds^and amounts should be reported 
to the project officer or recorded. * /- 



of them or not. The frequency of treatment 
should be held to a minimum. ♦ 

2.5 Measuring Fish 

Measure totallengths of all starting fish at 30 
and 60 days by the photographic method used 
by McKim and Benoit'(197r). Larvae or juve- 
niles are transferred to a glass box containing 1 
inch of test water. Fish should be mov^d to and 
from this box in a water-filled contain^, rather 
than "Bf^etting them. The glass box is placed on 
a translucent millimeter grid over a fluorescent 
light platform to ^provide background illumi- 
nation. Photos are* then taken bf the fish over 
<the millimeter grid and $ce enlarged into 8 by 10 
inch prints, The length of each fish is sub- 
sequently determined b/ comparing it to the 
grid. Keep lengths of discarded fish separate 
from those of fish that are. to be kfpt. | 

2.6 Thinning 

When the stating fish are sixt^, (± 1 or 2) days 
old, imparti^ly reduce the nurnber of surviving 
fish in each tank to 15. Obviously injured or 
crippled individuals rhay be discarded before the 
selection so long as the number is not reduced 
below 15; be sure to record the number of 
deformed fish discarded from each tank. As a 
last resort in obtaining 15 fish per tank^ 1 or 2 
fish may be selected for transfer from one 
duplicate to the other. Place five spawning tiles 
in each duplicate tank, separated fairly widely to 
reduce interactions between male , fish guarding 
them. One shoold also be able to look unde^r 
tiles from the end of the. tanks. During the 
spawning period, sexually maturing males must 
be removed at weekly intervals so there are no 
more than four per tank. An effort should be 
made not io remove' those males having well 
established territpries under tiles where recent 
spawnings have occurred. 



2.7 



2.4| Disease 

^landle disease outbreaks according to their 
nature, with^ all tanks receiving the same treat- 
ment whether there/seems to be sick fish iA all 



[loving Eggs 

Reiwfve- eggs 'from spawning tiles starting at 
12:00 noon Evansyille, test time (Appendix A) 
e^ day. As indicated^ in Step l.'lO, the test 
time need not correspbnd to the actual time 
where the test is being conducted. Eggs are 
loosened from the spawning tiles and at the 
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same time separated from one another by lightly 
placing a finger on the egg mass and moving it in 
a circular pattern with increasing pressure \intil 
the eggs begin to roll. The groups of eggs should 
then be^ washed into separate, appropriately 
marked containers and subsequently handled 
(counted, selected for incubation, oi* discarded) 
as soon as possible after all eggs have been re^ 
moved and the spawning tiles put back into the 
test tanks. i All ^egg batchjcs must be checked 
initially for different stages of development. If it 
is determined that there is more than one 
distinct stage of development i^resent, then each 
stage must be considered as one spawning and 
handled separately as described in Step 2,8. 

2.8 Egg Inclination and Larval Selection 

Impartially select 50 unbroken ^eggs from 
spawnings of 50. eggs or more and place them in 
an egg incubator cup for determining viability 
and hatchability. Count the remaining eggs and 
discard ^ them, Viability and hatchability deter- 
minations must be made on each spawning (>49 



2.9, Progeny Transfer 

Additional important information on hatch- 
ability and larval survival is to be gained by 
transferring control eggs immediately after 
Spawning to concentrations where spawning is 
, reduced or absent, or to where an affect is seen 
on. survival of eggs oi/ larvae, and by transferring 
eggs from these concentrations to the control 
tanks. One larval chamber in, or corresponding 
to, each adult tank should always be reserved for* 
eggs produced in that tank. 

2.10 Larval Exposure 

From early spawnings in each duplicate tank, 
use the larvae hatched in the egg iftcubator. cups 
(Step 2.8. above) for 30 or 60 day growth and 
survival exposures in Hie larval chambers. Plan 
' ahead in setting up eggs for liatchability so that 
a new group of larvae is ready to be tested for 
30 or 60 days as soon as possible after the 
previously tested^ group comes put of the larval 
chambers. Record mortafities, and measure total 
lengths of larvae* at 30 and, if they are kept, 60^ 



nunations must be made on eacn spdwuiuB — -"^ . , , . . • 

eges) until ,he number of spawnings (>49 eggs)«days pos.ha.ch^ A. ',„,e ,h la^^al te^^^^ 



in each duplicate tank equals the^ number of 
females in that tank. 'Subsequently, only eggs 
from every third spawnihg't^^P eggs) and none 
of those obtained on weekends need be set up to 
determine hatchability; however, >yeekend 
spawns must still be removed from tiles and the 
eggs counted. If unforeseen problems are -encoun- 
tered in determining eg^ ^viability and hatch- 
abihty, additional spawnfngs should be sampled 
before switching to the setting up of eggs from 
every Uiird^pawning. Every day, record the live 
and dead eggs in the incubator cups, remove the 
dead ones, and clean the cup screens. Total 
numbers of eggs- accounted for should always 
. add up to within two of 50 of the entires batch is 
t6 be discarded. When larvae begin to hatch,, 
generaliy'after 4 to 6 days, they should not be 
.handled again\)r removed from the egg-cups 
until all have hatched, then, if enough are still 
aUve, 40 of these are eUgible to be transferred 
immediately to a larval test chamber. Thos^. 
individuals selected out to bring*^ th^ number 
' kept to 40 should be chosen impartially. Entire 
egg-cup-groups not used for survival and growth 
studies should be counted and discarded.^ 



terminated they should also be weighed. No fish 
(larvae, juveniles, or adults) should be fed within 
24 hr's. of when they are to be weighed. 

2.11 Parental Termination 

Parental fish testing should be terminated 
when," during the receding day-length photo- 
period, a one week period passes in which no 
spawning occurs in an'y of the tanks. Measure 
total lengths and weights of parental fish; check 
sex, and condition of gonads. The gonads of 
most parental fish will have 'begun to regress 
from the spawning condition, and thus the dif~ 
ferences between the sexes ^yill be less distinct 
now than previously. Nfales and females that are 
readily distinguishable from one another ^because 
of their external characteristics should be 
selected initially for d^ermining how to 
differentiate between testes and ovaries. One of 
the more obvious efxterhal characteristics of 
females that have spa>yned is an extended, trans- 
parent anal canal (urogenital papilla). The 
gonads of both sexes will be located just ventral 
to the kidneys. The ovaries of the females at this 
time will appear transparent, but perhaps eon- 
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' 'taining some yellow pigment, coarsely granular, 
and larger^than testes. The testes of males will 
appear as slender, slightly milky, and very finely, 
granular strands. Fish must not be frozen before 
making these examinations. 

2.12 Special Examinations 

^ Fish and veggs obtained from the test should 
^ be considered for physiological, biochemical, 
histological and other examinations \vhich may 
indicate certain, toxicant-related effects*. 

2.13 Necessary Data ^ , 

Data that must be reported for each tank of a 
chronic test are: 

a. Numj?er and individual total length of 
noiltial and deformed fish at 30 and 60 
days; total length, weight and number of 
either sex, both normal and deformed, at 
end of test. 

b. Mortality during the test. 

c. Number of spawns and eggs. 

d. HatchabiUty. 

e. Fry survival, growth, and deformities. 

3.0 CHEMICAL SYSTEM 

3.1 Preparing a Stock Solution 

If a toxicant cannot- be introduced into the 
test water^s is, a stock solution should be pre- 
pared by dissolving the toxicant in water or an 
organic solvent. Acetone has been the- mo§t 
widely used solvent, but dimethylformanide 
(DMF) and triethylene glycol may be preferred 
in many cafses. If none of these sofvents are 
acceptable, other water-miscible^olvents such as 
methanol, ethanol, isopropano), acetopitrile, 
dimethylacetamide (DMAC), 2-etlioxyethanoI, 
glyme (dimethylether of ethylene'^^gl^col, 
diglyme (dimethyl ether of diethylene r^col) 
and propylene glycol should be considered.- 
However, dimethyl sulfoxide (DMSO) 
not be used if at all possible because of its 
biological properties. > 

Problem^ of rq^te of solubilization or solubiUt^j; 
limit should be solved by mechanical means if at 
alFpossible. Solvents, or as a last resort, sur- 
factants, can be used for this purpose, pnly after 



they have been proven to be necessary in the 
actual test system. The suggested surfactant is 
p-tert-octylphenoxynonaethoxy-ethanol "(pr 1,1, 
5, 3-tetramethylbutylphenoxynonaeth6xy- 
ethanol, OPEio) (Triton X-100, a product of 
the- Rohm ^d Haas Company, or equivalent). 

The use of solvents, surfactants, or other 
additives should be avoided whenever possible. 
If an additive is nece3sary, reagent grade or 
better shpuld be used. The amount of an 
additive used should bq kept to a minimum, but 
the calculated conceiTtra'tion -of a solvent to 
which any test ' organisms are exposed must 
never exceed one one-thousandth of the 96-hr. 
LC50 for test species under the test conditions 
and must never exceed one gram per Uter of 
water. The calculated concentration of Sur- 
factant or other additive to \yhich any test 
organisms are exposed must never exceed one-, 
twentieth of the concentration of/the toxicant 
an4 must never exceed one-tenth gram per liter 
of water. If any additive is used, two sets of 
controls liiust be used, one exposed to no addi- 
tives and one exposed to the highest leyel of 
additives to which any other organisms in the 
test are exposed. 

3.2 ivlfeasurement of Toxicant Concentcation 



As a minimum, the concentration of toxicant 
must be measured in one tank at each toxicant 
concentration every week for eacH set of dupli- 
cate tanks, alternating tanks ^ ^ach concen- 
tration from week to week. Water samples, 
should be taken about midway between the top*^ 
and bottom and the sides of the tank and should 
not include any surface scum or material stirred^' 
up from the' bottom or sides of "the tank.. -- 
Equivolume daily grab samples can be com^.'"' 
posited for a week if it has been shown that the 
resultsgtthe analysis are not affected by storage 
of tti€sam^)le. 

enough grouped grab samples should be - 
analyzed periodically throughout the test to 
determine whether or not the concentration of 
toxicant is reasonably constant from day to daj^ 
in on? tank and from one tank to its duplicate. 
If not, enough samples must be analyzed 
weekly throughout the test to show the vari- 
ability of the to'^xicant concentration. • "'^ 
1 ' I 
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3.3 Measurement of Other Variables 

Temperature must be recorded^fcontinuously 
(see I. II.). / 

Dissolved oxygen must be measured in the 
tanks daily, at least five days a week on an alter- 
nating basis, so that each tank is analyzed opce 
each week. Howe\r6r, if the toxicant or an 
additive causes a depression in dissolved oxygen, 
the toxicant concentration with the lowest dis- 
solved oxygen concentration must be analysed 
' daily ir^a(fdition to the above requiremeht. 
♦ A control anc} one test concentration must be 
analyzed weekly for pH, alkalinity, hardness, 
ucidity, and conductance, or more often, if 
necessary, to show the variability in the test 
water. However, if any of these characteristics 
are affected by the toxicant, the tanks must be 
analyzed for that characteristic daily, at least 
five days a week, on an alternating basis so that 
each tank is analyzed once every other week.'^ 

At a minimum, the test water must be ana- 
lyzed at the beginn:pg and near the middle pf 
the test for calcium, magnesium, sodium, po- 
tassium, Chloride, sulfate, total solids, and total 
dissolved solids. ^ 

3.4 Residue Analysis 

When possible and deemed necessary, mature 
fish, and possibly eggs, larvae, and juveniles, 
obtained iiom the test, should be analyzed for 
toxicant residues. For fis,h, muscle should be 
analyzed, and gill, blood, brain, liver, bone, 
kidney, GI tract, gonad, and skin should be con- 
sidered for analysis. Analyses of whole organ- 
isms may be done in addition to, but should not 
be done in place of, analyses of individual 
tissues, especially muscle. 

3.5 Methods 

When they^ will provide the desired infor- 
mation with acceptable precision and accuracy, 
methods described in Methods for Chemical 
Analysis of Water and Wastes (EPA, 1?71) 
should be used unless there is another method 
which requires much less time and can provide 
the desired information with the same or better 
precision and accuracy. At a minimum, accuracy 
should be measured using the method of known 
additions for all analytical methods for tox- 



icants. If available, Reference samples should be 
analyzed periodically for each analytical 
method. 
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4.1 Duplicates 

Use true duplicates for 'each level of toxic 
agent, i.e., no water connections between dupli- 
cate tanks. / 

4:2 Distribution of Tanks 

The tanks should be assigned to locations by 
stratified random assignment (random assign- 
ment of one tank for each level of . toxic agent in 
a rbw followed by randotn assignment of the 
second tank for. each level of. toxic agfent .iii' 
another or an extension of the same row). 

4.3 Distribytion of Test Organisms * 

"^he test organism^^ould be assigned tp^tanks 
by stratified random^assignment (random assign- 
ment of one test organism to each tank, random 
assignment of a second test organism to each 
tank, etc.). ' - - 

5.0 MISCELLANEOUS { 



1 ■ 

5.1 Additional ih|;ormation 

AU routine bioassay flo\y- through miethods 
not covered in this procedure (e:g., physical and 
chemical determinations, handlij^ of fish) 
should be followed as described w Standard 
Methods for the Examination of Water and 
Wastewater,^ (American Public Health Associ- 
ation, 1971), or information requested' frpni 
appropriate persons at Duluth or Newtown. . 
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Appendix A 
Test (Evaflteville, Indiana)J'hotQ period 
For Fatljead Minnow Chronic 



1 



Dawn to Dusk 
Time 

6:00-4:45) 
6:00-4:30) 

6:00-4:30) 
6:00-4:45) 



6:00 
6:00 



5:15) 
5:45) 



6:00-6:15) 
6:00,-7^0) 



6:00 
6:00 



7:30) 
8:15) 



Date Day-length (hour^and minute) 

. 10:45)-. 
.10:30) 
) 

10:30) 
10:45) 

) . / . ■ 
11:15) 5-nj£xnth pre-spawning 
11:45) growth i>eriod 

, ) 

I2-.I5) r 

13:d0) . . . 

' ') 

APR. 1 13:30) 



DEC 



JAN 



FEB 



MAR. 



1 

15 
1 

15 
1 

15 
1 

15 



15 * 14:15) 



6:00-8:45) 
6:00-9:15) 

6:00-9:30) 
6:00-9:45) 

. . v 

6:00-9:45) 
6:00-9:30) 

6:00-9:00) 
6jOO-8:30) 



MAY 1 14:45) 
15 15:15) 
) 

JUNE 1 15:30)' V 
15 15^5) 4-month spawning 
. ) period 7 

JULY 1 15:45) 

15 15:30) • ' . 

■ . ) 
AUG. 1 15:00) 
, 15 14:30) 



V 



6:00-8:00) SEPT. .] 14:00) 

6:00-7:30) 15 13:30) 

) 

6:00-6:45) OCT. T 12:45) post spawning period 

6:00-6:15) 15 12:15) J 

• ' ■ . - ) 

6:00-5:30) NOV. 1 11:30). 

6:00-5:00) 15 11:00) - J . > 




Q ' Brodk Trout Salv4}inus fontinales 

• (Mitchill>Partirf^^onicT^ts 
^ . April, i$71 

(Revised Janyary^I972) 



, ' 1 .0 PHYSICAL SYSTEM Cf^ 
1.1 Diluter ' • . ' 

,v -Pro'^ortional diluters (Mount and*" Brungs, 
,> should be employed, for all. long-term 

exposures. Check the operation of Ihe diluter 
'%',daily, either directly or through , the measure ^ 
; ment of-'toxi9^t concelitrations. A minimum o( 
Jive toxicant concentrations and ' on? control 
' should t»e used' for -each test with a . dilution 

- factor of not le^s ttian Q.iO. An automatically' 
triggered emergency aeration and alarm system- 
must be installed ^t9 alert staff^in case of diluter, 

■t temperature control or W^ter . supply failure. 

* 1.2 Toxicj^nt Mixing - / ' 

A container to promote irtixing of toXipant- 
hearing andw-cell water shouLH be used between 
•i'.-tiiluter and tanks for eafch- concentration. 
-Separate delivery tubes sh*uld run from tljis* 
con^tainer to each duplicate tank. Check to see* 

- that the same amount of water goe?^ to duplicate 
t tanks and that- the toxicant concentration- is the 
.^same^-both. - ^. ' - • , • 

}M.3 Taiik. ^ • . -^^^ ;^ ^ 

y Each' duj^icate spawning 'tank '(pi:eferably 
; Stainless- Steel) should, measure 1.3 X 3 X 1 ft. ' 
.. wid^ with ^ water depth of^f -fopt and alevin- 
* jiiyenile growth chambers (gJass' or stainless steeh 
V with glass bbttom) 7 X 15 X 5 in. wide with a 

jyater depttl of 5 int^hes*. Growth chambers^an - 
i be'supplied|'fe^t>ajter by eith^ separate delivery 
/ tubers /romf f he. mixing cells ^scribe(f in Step 2 
^abbve or^ from test water delivered from * the 
Amixing ce^i to each duplicate spawning* tank. In 

the second chSice, test water ^lust always flow 
: thrqagh growth -chambers.' befoVe^ entering the 
; spawning tank. Each growth chamber should be 

designed so that the J^st ^ater gan b& drained^^ 
: down to 1 inch and -the chamber transferred V 

over a fluorescemt light box for photographing 
; the fish (see 2.\p\ , , ' < ^ ^ - 




^ 1.4>Flo^w Rate / . : 

^"y. Flow r^tes for each duplicate spawning, tank « 
' /and -^growth chamber should be-' 6-l(X tank 
volumes/24 hr. ^ \ 'W 

l^^Aeratw^ /^■ 

*rook trout tanks and. growth chambers must. 

.be aerated with oil free air unless there are no 
.. flow limitations and '60% of saturation can be . 
X tnaintain^d. Total dissolved oxygen levels should 

rieyer be allowed, to drop below 60% of satu-' 
.' fatioil.^, ^ . ' ^ , 

j4^.6 Cleaning ■ . ^ ^ v 

^"^^All tanks and chambers must be siphoned'.. 

' dmly^and bruslied at least once per week. When ' 
spawning cdmmence^, gravel baskets must be re- ^ 
moved a^d cleaned daily. ^ - 

Spawning Substrates * ^ ^ 

' /Use t^o spawning substrates' per dufjlicate ' 
"^ade of plastic or stainless steel Which measure 
at least.^ X. 10 X 12. in. with 2 inches 'of .25 to 

^ "^0 inch stream gravel coveririg the bottom and , . 
20 mesh stainless steel or nylon screen attached 
to the ^ends for circulation of water.' ' 
hS 'Egg Cup ♦ ' i - 

.Egg inqubatio'n cups are m"ade:frpm 4-6z., 
-2-incH. Op roui^A glass jars with the bottoms cut'** 
off and replaced with stainfess steel or nylon ^\ 
. screen (40 meshes per, inch); Clips are oscillated ^ 
in, the test wat^f'by means-of a rockdt' arm 
apparatus driven by 4 .2 r.p.m. electric mofor 

(Mount; 1965). / - . ' ^ • , . . 

1.9 Light ' ^ " ■ - ' ^ 

♦The lights: used should sfffi^ulate'sunlfght as 
. nearly as possible. -A combination of .Dur(>TesLt , 
tOptima FSyV^ and/ v^de spectrum Grb-lux^ 
fluorescent* tubes ha^ proved satisfactory, at th^'^^ 

NWQL.:^ . % . v: \ ; ^ 

^Mention of trade names does hot cons^tute endorsement: ' ■ • . \ 
^puro'Testy Inc., Hammond, Ind. . ) ' ^ ' - f'..' ^ ' 
JSylyania, Inc., New Xork, Ijl: Y. - ■ " 
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LIO Photoperiod 

Th« photoperiods to be used (Arppendix A) 
^mulate the dawn to dusk times of EyansvUle, 
Indian^. Evansville dates must coFr.espond to 
•Actual dates in order to avoid putting, natural 
reproductive cycles out of phase.. Adjustments in 
photoperiod are to be made on the first and 
fifteenth of every" Evansville test month. The 
table is arranged so that adjustments need be 
made only in the dusk times. The dawn and 
dusk times listed in the table (Evansville test ' 
time) need nor correspond to the actual test 
times where the test is being conducted. To. 
illustrate this f^o'mt] a test started on March first • 
would require-' the use of the photoperiod for 
Evansville tc^ ,35ke March first; and the lights 
coiUd go on an>i;time on ihut day just so long as 
they 'remained on for twelve hours and fifteen 
minutes. .Fifteen days later. th<j photoperiod 
-^autd. be changed. to thirteen> hours. Gradual 
H^Lin light intensity *at>dawn and dusk 
IjViiron^i^ mayr^bfc in- 

"wi^min the. photoperiods shown, and 
-should no*) last for more than 1^2 hour from full 
on toJVilLQff ancf vice versa. 

1.11 Temperature^ ' ' - ' 

Utilize^the attached lemperuture regime (see 
Appendi.x B). Temperatures should nt^t deviate 
instantaneously from the specified test tempera- 
ture by more than 2°C and should^not remain 
outside the specified temperature ±1^C for more 
than 4»8 hours at a time. > 

I T 2 l>isturbance 

Spawning tanks and growth chambers must be 
covered with a screen to confine the fish and 
concealed in such a way that the fish'wilhnot be 
disturbed by persons continually Walking past 
the system. Tanks and chambers must also be 
shielded from extraneous light wliich can attect 
the intended",photoperiod or damage light-sensi^- 
tive eggs and alevins. . *. ' 

1.13 Construction Materials 

Construction materials which convict the. 
diluent water, should not contain leachable sub- 
stances- and should not sorb significant amoun^ 
of substances from the water. Stainless steel is 



probably, the preferr-ed constructipn material. 
Glass absorbs some trace organics significantly. 
Rubber should not be used.- Plastic containing 
fillers, additives, .stabilizers, plasticizers, etc, 
should not bemused. Teflon, nylon/ and their 
equivalents should not contain leachable^ 
materials and should not sorb significant' 
amounts of most substances. Unplasticized pol-' 
yethylene and polypropylene should not contain 
leachable substances, but may sorb very signify 
cant amounts of trace organic compounds. 

LI 4 Water 

The water used should be -'from a well or 
spring if at all possible, or alternatively frojfi a 
surface water source. Qnly as a last ro^ort should ♦ 
water from a chlorinated municipal water supply * 
be used. If it is thought that the water supply 
coukl be coijceivably "^ontaminated with fisSi 
pathogerls, the water shWld'be passed through' 
an ultraviolet *or similar )stejili:^er immediately 
before it enfers'the test^ystem.' \^ 



2.0 
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'2.1 Test Animals " ^ 

Yeariing fish should be collected no later than 
Maith 1' and acclimated in the Jab-dratory to .test;;^ 
temperature and water quality for at least one 
mcnth^efore the test is initiate*. Suitability of 
fish f^r testing should be judged ort the basis of 
acceptance of food, apparent lack of diseases, 
and 27o or less mortality during acclimation with 
no mortality- two v/^ks prior to test. Set aside 
' enough fish to supply an adequate number for 
short-term bioassay exposunes used 'in deter- 
mining application factors. ' - 



2.2 Beginning Test d," 

Begin exposure no later than April 1 by' dis- 
tributing 12 acclimated yeariing brook trout per 
duplicate using a stratified random assignment 
(see 4.3). This allows about a four- month 
exposure to the toxicant before the onset of 
secondary or rapid growth f5h;iifc of tlie gonads. 

Extra test animals may bemadded at the begin- 
ning so that fish can be removed periodically for 
"'special examinations (see 2.13), ,^or for residue 
iinaiysis (see 3.4),. 
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2.3 Food 

Use a good froz^i trout food (e.g., Oregon^ 
Moist).. Fish'" should \U fed the largest pellet they ^ 
will take a minimum of two times daily. The . 
ahiQunt should W based on a reliable hatchery 
feeding scheduled Alevins and early juveniles 
should.be fed trcjut starter a minimum of five 
. times daily. Each batch of prepared food should 
be checked for pesticides (including DDTftDE, 
dieldrin, endrin, aFdrin^^'BHC, chlordane, toxa- 
phene, 2,4-D, and PCBs), and the kinds and 
amounts should be Reported to the project 
officer or recorded, 

'2.4 Diseas^ 

Handle disease outbreaks according to their 
nature, with^all tanks receiving the same treat- 
ment whether there seems to be sick fish in all 
of theiTKor not. The freqJency of treatnijent 
should be held to a minimum. 



2.5 Measuring Fish ^ 

. .Record mortalities^aily, and iHieasure fish 
directly' at initiation of t^kt, afterjthit^e months 
and at thinning (see 2:6), (total leng^tli.and 
weight). Fish stiould not be fed 24 hours before 
weighing and Ughtly anesthetized with MS-222 
to facilitate measuring (100, mg MS-222/liter t 
water). ^ 

2.6 Thinning 

When secondary sexual characteristiqs are. well 
developed (approximately two weeks prior to - 
expected spawning), separate males, females and 
undeveloped fish in -vcach^ duplicate and ran- 
domly reduce sexually mature fish (see 4.4) to " 
the desired number of. 2 males and 4 .females, 
and discard undeverpped fish after exami- 
nation. Place two spavvnir^ substrates (described 
earlier) in each duplicate. Record file number of 
mature, immatnre, deformed and injured males 
and females in eacji tank and the number from 
each category discarded- Measur^^ total- len;u;th ' 
and weight of all fish in each category before' 
any are# discarded and note which ones were dis- 
carded. ' . - ' 

2.7 Removing Eggs 

Remove eggs from the retid at a fiXed time 
each day (prcfcrably^^^er^l :00 p.m. livansvillc 

. ' .27 



time, so the fish are not disturbed during the 
morning). 

2.8 Egg Incubation and Viability 

^ Impartially select 50 eggs from the first eight 
spaw#ings of. 5t) eggs or more in each duplicate 
and place them in an egg incubator cup for 
hatch. The remaining eggs from the first eight 
spawnings (>50 eggs) and all subsequent eggs 
from spawnings should be counted and placed in 
separate egg incu*bator cups for determining 
viability (formation of neuraf keel after 11-12 
days at 9°C). The number of ciead eggs. from 
each spawn removed frorn the nest should be 
recorded and discarded. Never placp more than 
250 eggs in one egg incubator cup. All eggs 
incubated for viability are discarded after 12 
days. Discarded eggs can be used /Tor residue 
analysis and physiological measurements of 
toxicant-related effects. ^ ' - . 

2.9 Progeny Transfer 

Additional important^inform^tion on hatch- 
ability and alevin survival can be gained by trans- 
ferring control eggs' immediately after spawning 
to concentrations where spawning is reduced or 
.absent, or to >vhere m\ affect' is seen on survival 
of eggs or alevin, affa by ^ansferring^ggs from 
these concentrations to the control tanks. Two 
growth chambers for each ^u^iicate spa^wning 
tank should always be" reserved for eggs pro- 
duCr^TTTn that -tank. * 

2.10 Hatch an4 Alevin Thinning - . 

Remove dead eggs daily from tljftrMxchability 
cups described in Step 2.8 above^, When hatching 
commences, record the number hatched daily in 
each cup. Upon completion of hatch in any cup, 
randomly (see 4.4) select 25 alevins'from th^t 
cup* Dead or deformed t^liLevins must not be in- 
uded in the random^ selection but should be 
Cjounted as being dead or defgrmed upon hatch. 
Measure total lengths of the 25 selected and 
discarded alevins. Totar lengths are measured b^ 
the photograprtc method used, by McKim and 
Benoit (1971). The fish are transferred to a glass 
box containing 1 inch of tc^ water. They sb ^^ki 
be moved to and from this box in a water .1 
container, rather than by netting th^. The glass 
placed on a translucent niinKueter grid 
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over a fluorescent lifeht box which provides 
background illumination/ Photos are then taken 
of the fish over the millimeter grid and are 
enlarged into 10 inch printsrTCe length of 
each^^fish is subsequently determined b^ conj^ 
paring it to the grid. Keep lengths of discarded 
alevins separate frqm those which are kept. Place 
th-e 25 selected alevins back into the incubator 
rcup arid presence the discarded ones for initial 
weights. 

2.11 Alevin-J uvenile Exposure 

Randomly (see 4.4) select from the incuba- 
tion cups two groups of 25 alevins each per 
duplicate for 90-day growth and survival expo- 
sures in the. growth chambers. Hatching from 
one spawn may be spread out over a 3-to 6-day 
period; therefore, ^the median-hatch date should 
be. used to establkh the 90-day growth and sur- 
vival period for ea(^of the two groups of alevins. 
If it is determined that the median-hatch dates 
for the five groups per duplicate will be mo^^e 
tlian three weeks^part, then the two grodps of 
25 alevins must be selected from those which are 
less than three weeks old. The remaining groups 
in the duplicate which dp not hatch during. the 
three-week period are used pnly for hatchability 
results and Ihen photographed for lengths and 
preserved for initial weights. In order to equali-ze 
the effects of the incubation cups on gro^wth, all ^ 
groups selected for the 90-day exposure must^ 
remain in the incubation cups three weeks 
before they are released\Jnto the growth 
chambers. Each of the two gfoups selected per 
di/plicate must be kept separate during /the 
90eday period. Record ^mortahties daily, along 
wm total lengths 30 and 60 days post-hatch,and 
ctDtll length and weight at 90 days post-hatch. 
Alevins and early juveniles shouW not be fed 24 
hours before weighing. Total lengths are meas- 
ured by transferring the growth chambers d'e-' 
scribed earlier to a translucent millimeter grid 
over a fluorescent light hex for ^otographing as 
clescriljed in Step 2.10 above. Survival and 
growth studies should be terminated after ihree 
months. Terminated fish can be^ uSed for tissue 
residue analysis and physiological measurements 
of toxic^t-related effects. 



2.12 Parental Termination 

All {Parental fish should be terminated wher^ax* 
three -week period passes in which no spawning 
occurs in any of the y^awning tanks. Recdrd 
mortality and weigh and measure total length of. 
parental fish, check sex and condition ofgonads 
(e.g., reabsorption, degree of maturation, spent 
ovaries, etc.) (see 3.4). 

2.13 Special Examinatipas 

Fish and eggs obtained from the test should 
be considered for physiological, biochemical, 
and histological investigations which may 
indicate certain toxicant-related effects. 

2.14 Necessary Data 

Data that must be reported for each tank of a 
chronic test are: , ^ 

a. Number and individual weights and total 
- lengths of normal, deformed, and injured 

. ntature and immature males and females at 
initiation of test, three months after test 
commences, at thinning and at the end of 
test. ' 

b. Mortality during the test. 

c. Number of spawns and eggs. A 'inean 
incubation time should be calculated using 
date of spawning and the median-hatch 
dates. J 

d. Hatchability. 

e. Fry survival, growth and deformities; 

3.0 CHEMICAL SYSTEM ^ ^ ' 

' ■ * 

3.1 Preparing a Stock Solution 
If a toxicant cannot be introduced into the 

test wat^r as is, a stock solution should be/pre- 
pared by dissolving the toxicant in water or an 
organic solvent. Acetone has been the most 
widely . used solvent, but dimethylfdrmanide 
XDMF) and trietbyleiic glycol may be preferred 
in many cases. IF. nor\e ^pf these solvents qre 
acceptable, other water-rfii'scible solvents such as 
methanol, ellianol, isopropanol, acetoni^trile, 
dimethylacetamide (DMAC), 2-ethoxyethanol, 
gl y m e (d i m c t h y Ictht^r of ethylene glycol) 
diglyme (dimethyl ether of diethylene glycol)' 
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■ afid propj^lei^^flycol sho.uU^.. be considered.^* 
< However, dimethyl sulfoxide (t>MSO) should . 
not be used if at all poss ible because of- its 
biological properties. . 

^ Problems of rate of solubilization or solubility 
limit should be solved by mechanical means if at 
all possible. Solvents, or as a last resort, sur- 
factants^, can be use(J for this purpose only after 
they have been proven to be necessary in the 
actual test system. The suggested surfactant is 
p-tert-octylphenoxynonaethoxyethanol (p- 1 , 1 , 
3, 3-tetr^amethylbutylphenoxynonaethoxy- 
ethanol, vOPEjo) (Triton X-IOO, a product ^of 
the Rohm and Haas Company, or equivalent).' 

The use of solver^s, surfactants, or other 
additives should be avoided whenever possible. 
If an additive is necessary, reagent grade or 
better should be used. The amount pf an 
additive used should be kept to a minimum, but 
the calculated concentration of a solvent to 
which any test organisms are exposed must 
never exceed one one-thousandth of the 96-hr. 
LC50 for test species under the test conditions, 
and must .neVer exceed one gram per liter of 
water. The' calculated concentration of sur- 
factant or other additive to which any test 
organisms are exposed must never exceed one- 
twentieth of the concentration of the toxicant 
and must never exceed one-tenth gram per liter 
of water. If ilhy additive is used; two sets of 
controls must "be used, "one exposed to no 
additives and one expbsed to the highest level of 
additives to which any other organisms in the 
test are exposed. 

3.2 Measurement of Toxicant Concentration 

As a minimum, the concQntration^of toxicant 
must be measured in one tank at each toxicant 
concentration QWQry^ week for each set of 
duplicate tanks, alternating tanks at each con- 
centration from week to week. Water samples 
should be taken about midway between the top 
and bottom and the sides of the tank and should 
not include any surface scum or material stirrffd 
'lip from the bottom or sides of the tank. 
Equivolume daily grab samples can be com- 
posited for a week if it has been shown that the 
results of the analysis are not affected by storage 
.of the sample. 



Enough grouped grab samples should be 
analyzed perio4ically .throughout the test to 
determine whether or not the concentation of 
toxigant is reasonably constant from-day to day 
in one tank and from one tarik to its duplicate. 
If riot, enough samples must be analyzed weekly 
throughout the test" to show the variability of 
the toxicant concentration. ^ - 



3.3 Measurement of Other Variables 

Temperature must be recorded continuously 
(see 1.11). ^ 

Dissolved oxygen must be measiA-ed in the 
tanks/ daily at least five days a^^eek on an 
alternating basis, so that each tank is analyzed 
once each week. However, if the toxicant or an 
additive catises a depression in dissolved oxygen, 
the toxicant concentration with the lowest dis- 
solved oxygen concentration must be analyzed 
daily in addition to the^above requirement. 

A control and one test concentration must be 
analyzed weekly for pH[, alkalinity, hardness, 
'acidity, and conductance^ or more often, if 
necessary, to show t^e variabiUty in th^ test 
water. However, if any of these characteristics 
are affected by the toxicant, the tanks must be 
analyzed for that characteristic daily, at least 
five days a week, on an alternating basis, so that 
each tanlj: ft analyzed once every other week. 

At a minimum, ' the test water must be 
analyzed at the beginning and near the middle of 
the chronic test for calcium, magnesium, 
sodium, potassium, chloride, sulfate^ conduct- 
ance, total solid, and total dissolved sohds. 

3.4 Residue Analysis 

When possible and deemed^necessary, mature 
fish, and^' possibly eggs, larvae, and juveniles, 
obtamed^rrom the test, should be analyzed for 
toxicant /^residues. For fish, muscle should be 
'analyzed^ and gill, blood, brain, Uver, ' bone, 
kidney,^ GI tract, gonad, and skin should be 
considered for analysis. Analyses of'^whole 
organisms ■ may be done in addition to, but 
should not be done in place of, analyses of 
individual tissues, especially muscle. 
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3.5 Methods 




desired infor- 
cision and accuracy, 



When they will p: 
mation with acceptable 
methods described in M^thods'^Tor Chemical 
Analysis of Water and Wastes (EPA, 1971) 
should be used unle^ there is another method 
^ which requires mu^h less time and can provide 
the desired information, with the same or better 
precision and accuracy. At a minimum, accuracy 
should be measured using the method of known 
additions for all analytical methods for 
toxicants. If available, reference sample should 
be analyzed periodically- for each analytical 
method. 

,4 0 STATISTICS 

,4.1 Duplicates 

Use triie duplicates for each level of the toxic 
agent, i.e., no water connections between dupli- 
cate tanks. 



4.2 Distribation of Tanks ^ 



43 Distribution of Test Organisms 

The test organisms should be assigned to tanks 
'by stratified random assignment (randorn assign- 
ment of one test organism to each tank, random 
assignment of a secpnd test organism to each 
tank, etc.). - . . 

4.4 Selection and Thinning Test Organisms 

At ^ time of selection or thinning of test 
organis^s the choice must be r;andom (random, 
as defined statistically). 

5.0 MISCELLANEOUS 



The^ tanks should be assigned to locations by 
stratified random assignment (random assign- 
ment of one tank for each level of the toxic 
agent in a row, followed by random assignment 
of the second tank for each lev^of the toxic 
agent in another or an extension^ of the same, 
row). ^ ' 



5.1 Additional Information y 

All routine bioassay flow- througii methods 
not covered in this procedure (e.g., physical and 
chemical determinations, handling of fish) 
should be followed as described in Standard 
Methods for the Examination of Water ajid 
Wastewater (American Public Health Associ- 
ation, 1971). ' 
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Appendix A 
Test (Evansville, Indiana) Photoperiod 
For Brook Trout Partial Chronic 



Dawn to Dusk 
Time 

6:00 - 6:15 
6:00^ 7:00 

6:00-7:30 
6:00-8:15 

6:00-8:45 
6:00-9:15 

6:00 -9:30 
6:00-9:45 

9 .451 
6r«0-9:30 

6<00-9:00 
6:00-8:30 

6:00-8:00 
6:00-7:30 



6:00-6:45 
6:00-6:15 

6:0a>-5:30 
6:00 -'5:00 



6:00 - 4145 
6:00-4:30 

6:00-4:30 
6:00-4:45 

6:00-5:15 
6:00-5:45 



Date ' Day-length (hour and minute) 

MAR. 1 12:15) 

15 13:00), . 

..-•') 
APR.' ■ 1 13:30) 
15 14'. 15) 

) . ,. 

MAY • 1 14:45) . 
■15 .15:15) 

■ - • ) " 

JUNE 1 15:30) Juvenile-adult exposure 

15 ,1.5:45) 

JULY' 1 15:45) ^ 
15 15:30) 

) ' 
AUG. 1 15:00) 
15 14:30) ' 

SEPT. 1 14:00) , 
15 13f30) 



OCT. 1 12:45) 
* ^15 12:15) 
) 

NOV. -I 11:30) 
15 11:00) 



■J 



Spawning and- egg incubation 



. DEC. 1. 10:45) ^ 
> ' 15.. 10:36) 

. ) 

JXN. 1 10:30) Alevin-juvenile exposure" ,. 



15 10:45) 
) 



FEB. 



1 

15 



11:15) 
11:45) 



I 

) 
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Months 
Mar. 

May 
June 
July' 
Aftg. 
Sept. i 
Oct. 
Nov. 
Dec. 
Jan. 
,Feb. 
Mar. 



Appendix B 

Temperature Regime for Brook Trout Partial ^^"onic 
; temperature ^ C ' ' 



Juvenile-adult exposure 

■ ^\ ■ ' . 

Spawning and egg incubation 
Alevin-juvenile exposure 





o 

y 






\2 






14 






15' 
15 






15 






' 12 






~9~ 






_9 


f 




~9 






"9/ 






9 
9 





A constant temperature 
must be established just 
prior to spawning and egg 
incubation, and maintained 
throughout the 3-month 
alevin-juvenile exposure. 
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1.0 BENCH SHEETS 

1 .1 Phytoplankton Sedgwick-Rafter Count 



PTjyloplonklon Sedgwick- Rofter Count 



Blver or Lake 



Station Ho* 



V 



f / 



^ Collected. 
State , . ■ : ' 


- CODE 


ORGANISM 
























: ■ ' — ! ' 






























. ■ Tota. 


L eoccold blue-green algae ^ 


per ml. J 
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^ ■ 
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\- ... 





























IT 



































; i — - 


















. r , ■ - TO-MU. grt 


sen fla£ellat«t-< 








--^ " . 




























— r ' 




































- > *,v''' Total other pigmenl 




^matea < 



CentrlcB 



e/nl> ^' Moat 



DlatoouB 



Pennates 



c/ml. . 



Centr^Jc 


Melos. 


Others 


Totals 


c/ml 


Shells 










Live 












Tota. 


■ live centric ^j^^^'^yy,;^ 


V. ' c/ml. 


Pennat^ ShellB 




Live Pennate? , ^ ' - - 





RemarkB : 



S-R Factor! ^ 
" TOTAL LIVE ALGAE 
(c/ml) 



First check_ 
Recorded 



Wflioh. sheet 



Wash, sheet checked^ 



1 .2 Zobplanktoii Count 



J 



\ 



\ 



- ■ ■ ■ ■■■ ' ■ ■ . - •■ ' l \ 

. "i"'" . . / • , '-- Z"ooplftnXton Count < / 

V V.v^ - • . . / 


COOl 




TALLY 


C^ITER 








/ 




iWv '! * * 












/ 




Poljitx'thrm 








Syncbaeta 








Ti^lchocer* . • * ." 
























































1 •■. 
























— \: ~" : — ^ ~ 















TotaJ./Rqtlfer» per llter-<^ 



y ■ 





clADogzra , 


■ ■ f 








BonlD* • ^ * 


■■ / 








Daphxiia^ 


/ ■ 








Molna 


/ . 




or 




Ocrlodaplinia . 




i 






. ■ ^ . • . ■ • • * / . ¥ 










4 






\ ■ / ■ ^ 






■ 1 . . • - ., -/ ■ 










OOWPODA 


■ / 

/ 








Nauplll ' - 










related eeDera / 








/ • 










^ 




/ 






Total 

/ 


Crufltacea^ 


1^ llter< 




.vNEMATODIS(per liter) ^ 


/•■ ■ 


r ■ , * 






. OTHER ilVKJOEBRAipSS: (per liter)/ 


— z — J : ' — 


\ . 





r 

\ 



Moat 

Abundant 
Rotifers 



M08t^ , 

Abundant j 
€nifl tacea/ 





/ . 




7 




/ 


i 


•/•■' ^ 



































P^tor_ 
^Analyzed by_ 
Date Ahi&lyzed 
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'17-- - 

«» -Ml. 
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1.3 Pjankton and.Periphyiton Diatom Anal^^is 



, P L A W K r^D H AND PERIPHYTON 
D.I A T 0 M AIALYS 18 



Live Centi^lCB^ 
Live V9Tiaatea_ 
Total Live 
S-R Ootmt 



Statloo 



J)ead Gentries^ 
Total Dead 



8tat«_ 



St&tloQ ]Tuiriber__ 
Dat« ColUeeted^ 
^ ' Asaljrxed by _ 
Dat^ Azialyzed _ 



Species 



Coecl^iodlacuA 



CycIotrU a 
>fenegh1fi1ana_ 



Melof lra_ 

anblicun 

£prsnulat& 



dlfltaos ' 



Rhlzosolenla 



Stephanodl6CUB_ 

hontzflchll 

Invlsltatua 



astrea znlnutula 



Other erntJlpB 



Achnc^ithes 



^ViBpblprora 



Amphora_ 



r Aflterlonella foraoaa 



Calonels 



Cocconels 



. Cynatoi^letira 



Cymbellia ^ . 



Dlato£?VuL^ur^ 



Dlplonels Biil^hll_ 



Eplthemla 



Total 





FIRST 


SECOND 


THIRD ' 


PODRTH 




-Code 










I^rcent 
others 


^ ■ ■. 













Ko. Bpecles 
/ ReinarKB?" " 



, Speclca * ■ 




< 


Tmicllarta cisotooexiala'' 














. conatfuenfl* * 












/J ■ - , ^ 






. Frustulla 






BbBBfaOOflBa 












! T c 






f Ooaphonellf ^ 






Qyroalflwa 












iMsrldloQ drciOare 








, IfaTlcula^ 












— 












t 

























rKltzschla ^ 














y < ■ 






^^^Cr 






r 




















; , 










[ Plnntdarla 










7 


JFltturo«l|iBA 






rRboleosptaenla currata 






rBtaurooola 












[Rbopalodla 






Surlrella • ' 

























^Synedra 1 












acus ' / ' 




















t' * 










t^"^^ 






^bellarla 








fteoeatrata ' "^'^ 












• - V 






^flocculosa \ 






— ^ — — ' 












* • 

























.3' 



Total count*, ' 



/ 



1 .4 Periphyton SedgM^ick-Raf ter Count 




PERIPHYTON SEUXMICK-R/imi COONT . ; 

IncltfslyiB Dates ♦> 
Date Analyzed ^ • * 
Ana'lyzed .b y ^' • • 



4 















^'CODE ORGANISM. 


3r-~ 


■ .tally 


' ' ^2 ' 
C / mm - 


■ * 













































'. V - 










Total coccold b1ue-grc 


en algae 



/Tbtfll fllamentolis bige-gretn 



1- 



^JbtaWoccol^jreer^al^ae 















, ' ' y . — — — - — ' - 



































L ^ i- ^ X— 
















' . ' ■ •■VI 








^ ' 1 " TcMfal green .fO« 


rgellates 



Other coccold al^gae 



























i'" . Fllamentbus^bactierla alid fungi 
























> 






Pratozoa 


' ' CentnllcS'"^ , 


c/mhri^ 




Diatoms 












Centrtc Shells. 












Live Gentries 







Pennates 



c/<nm? , 



' ■ Total live centric diatoms 



















... . : J» I- 







Pennate Shells 






'^Uv^'Pennates > 






Total live pennate 


d'i atoms 



Rrese^rvatrfve 
No. .Slides 



■f S-R Factor: 



. Area Scraped J . 
Scrapings, diluted to m Ts. 

', - ■ ' - 
^Flrsf check" Recorded * 



Remarks^: 




TOTAL . , ^ 
(c!elTs/mm2) 
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Plankton and Periphyton Pigment and Biomass 



PUNKTON AND PBRIPH' 
CllLOnQPlIYtL AND BIOMASS 



'I, ^DENTIFYmi INFORMATION ; ; 
A', Station: 
B. - Date: 

C; Method of Sample 

Coll^atlon and Handling: 




II; SPEOTOPHOTOMKTER DATA: 



A. OPTICAL 



WCNSITY MEASUREMENTS: 
Instrument uocd: 



Extract Dilution 
Voluioe ^ctor " , 



?50 



— Optical Denbity Kdadlnga 

663b* 6if5 630. ^ 663a* 



663 
b/a 



*(b "-^ before acidification; a - af ter ac Idliicfltlon)' 



CHLOROPHYLL -CALCULATIONS 
ntr 



Concentration of >; 
Chlorophyll ■ in Extract 



Sample area 
or volume 
(liters; m^) 



CIA' a 



■ Rep 
1. 
^ 2. 
. 3. 



Chi b Chi c 



III. 



I^^I)Or^OMK:PKI< DATA; 

^Instrument Unod : 



*gj Headlng^i: ore, (b ) 
f ' vAc^dirieation 

* Dilution -Hoadine ' Seris . ~ ■ 
Factor R^." Level '(S,^ 

if ' 



IV. 



V 



OHGANIC MATTEH (;\SH-'raK'E UEIGIfr) 

- v:mpty ^ -i^ Weight 

with Dry 
Sample 



.Crue . 
No. 



Ji:i.blc 



Weight 

After 

Firing 

9 



Chlo<>ophyU content 
of aainple 
( ug/1; mg/m^) 

' / Chi a Chi b Chi c 



Re'ading After (a) 
Acidification 



Ka 



(a) 



^ Bamplc 
Dry 
Weight 



Aah. 

Tree . "* 
Weight 



Organic 
Matter 



1.6' Macro invertebrates 



MACROINVERTEBRATE LAB BENCH SHEET 



Name lof water body 



Collec\ecl by 
.^^r.. Sorted 



St^^tion No. 

Date collected" 



4' 



7. 

DIPTERA^ 

^ \- 


L(N)1 


pi 


TOTAL/ 


, DKY- WGT 
(mg) • 


* 


CRUStACEA 
■ 


TOTAL 


DRY WGT 




^ 


— 
















( 

























^ 

— }— 
































— zf— 


0 












• 





















: — ! 




.. - 
















■* 








r~' 


^ 






\ 
































-I. >^ 
































































TRICHOPTERA 










HIRlTDINEA 
































2. \ ^ 






































PLECOPTERA 










NEMATODA 
















} '- : 


■ > 


\ 

w 




• 














































EPHEMEROPTERA - 












rBlVALVIA 




































































•% 


OpONATA- 








I" 


GASTROPODA ' - 






































* ■ . '• 














1 


tr^ = — . 
















» NEUROPTERA'" 






























' ! 




: V ' ^ 

HEMIPTERA ■ ' 


























N • ♦ ■ 












-■*! 










COLEOI*T£RA 


































> 




J- 













Total # of organisms 
Total //^ of taxa 



* Initials of taxonomists in -this' column 



Tot'nl dry weight 
Ash-i' ree .we iglu , 
1 



L=lar\>ae, N = nympli. P - pupae 



2,0 <JUQUirfMENT AND SUPPLIES . 

" This section contains art abbreviated list ot equipment and supplies used for the collection and 
analysis of biological samples. The companies and addresses are listed alphabetically at the end of the 
table, Mention of comnKrcial sources. or products in this section does not constitute endorsement by 
the U. §. EnviroqjTiental Protection Agency. \ f \^ 



Item 



2.1 



0 



Plankton and Periphy ton 

- ^ ■ . Sampl^i}^ a lui field equipment ^ > 

Wiltcr saniplcr,'3lpha.bolilc. nonnictaliic. transparent, 6 liter ^ v>% ' 

Plankton samp!'crfClari<c-Biimpus. 12 inch, with No. [O'and No. 20 nctsShd buckets 
IMankt^Mi towinf'^nct , No. 20 { 1 7.^ niesli/inch) ' , . 

rianktnjn net with tnieket, Wisconsin style. No.. 20 net ( 173 mesh/inch) 
Sill) marine pin | to meter, with tlcck cell 

ialxirawry^equipmcnt . , 

Halance.analyiitfal. lOO'Jun capacity, accuracy 0.1 nig. - 
Halance. Harvard Trip, double beam, (to balance loaded centrifuge tubes) ^ 
Centrifuge, clTnfcal. Centricone. 8-place 

Centrifuge. li:(\ model UV, Ret rigv'/atcd ^ ' .- 

Centrifuge hcjjd.8-r)lacc. 100 ml* ^ . ' ^ 

Centrifuge shieldl. cups * ^ * ' . 

'Centrifuge trunnion rings ' ^ ' • 

Centrifuge tubes, plain, round bottom, polypropylene. 100 n;! ^ ■„ ' 
-Blo\)d CeH Calculator (counter). 8-Key 
I'luorometer. Turner 1 1 1 or equivalent, equipped with: * - 

Rcxt-sensitivc photomultiplicr tube No. R-1 36 ' ^ 

Turner No! 1 lO-8ft blue lamp, T-5 ' i. 

Turner No. 110-856, lamp adaptor for T-5 lanip 

Turner No. I 10-005. Standard sample holder^^ 

Turner No. 110- . High-Sensitivity sampleTrJfccr 
'Turner No. I 10-871. How-througb cuvette > 

Corning filter No. C^-5:60 (cxcitatitm) . 

Corning filter No. CS-2-64 (emission) . 

Dispos;ible vials for Huorometer, 1 2 X 75 mm. 5 ml, Kahn type 
Hot-plate/Thermolyne I'iP-A 19 15B. thermostatically controlled (to dry 

diatoms on cover glasses), 1 1 5 volts. 750 watts. - 
H(>t-plate.,Chromalo\, 2.'^() volts, 2000. watt. AC. three heat (to incinerate 

diatonrpreparation on cover glasses). 
Mi^oscopc and accessories (Americal Optical, Series lOT Trinocular Klicrostai 

olequivalent). . ' 

In-base illuminator and transformer. ^. ^ ' ' 

Trinocular bud y. . * . 

'Graduated mechanical stage; 

C}uadruple nose piece.' 

N.A. 1 .25 condenser. 

Condenser mount. 
* Objective. 4X. Achromatic. 

Objective, I OX, Achromatic, 

Obiet:tfye. 20 X. AchronKiticj^a-iidarcl, must h:i 
^. M mm tor Scdpwick-Rafter counts. 

Obj?ctive, 4 5 X. Achromatic. 
. .Objejqtive. 1 OOX. Aclimmatic. 
S Wide' fie Id eyepieces', lOX, ^ '. 



5' 



working distance greater than 



Source* 



(30) 
(30) 
(30) 
(30) 
(7) 



(24) 
(25) 



Cat. No. 



1160TT 
^37 



2944-B50 



Unit 



16'^ 



' Appro:^. 
Cost (1973) 



I 150.00 
400.00 
41.00 
92,00 
500.00 

1,000.00 
50.00 
100.00 
850.00 
50.00 
30.00 
20.00 
9.00 
- UO.OO 
2,000.00 



30.00 
30.00' 

i,500;oo 



♦Sec lis*t of suppliers' at the end of this table. 



1 

^ - 'J 



i 



Itpm 



Light meter • • 

Muffle furnace, 1635 Temco, Thermo lyne, 240 volts ' 
Temperature control for muffle^ furnace, Amplitrol Proportioning Controller, 
0-2400°I', for 240 volt furnace (recommendcd for use with Temco 163^).^ 
Oven, Thermozone, forced draft, double walled,4lilircc shelves, 230^C. 
Pipetting machine,^ automatic, large, BBL. (for dispensirig" prpscrvalive). 
•Spectrophotometer, double-beam, recording, resolution Z nmfor better at 

663 nm; Cdleman-124 or equivalent. : . / * 

Wa.sher, mechanical^ gl;issware, variable speed. Southern C/oss, Model 300-B-2, 
Complete. ^ 
Supplies 

Cub itainer, 1 qt (appr ox 1 .liter) • 
ubitainer shipping carton, I qt 

^>ttles, pill, square, DURAGLAS, 3 ounce for periphyton samples. Do liot use 

cops supplied with bottles. ' ^ t 

m - ' - - . " - 

' •• . ** 

Caps, Polyscal, black, size 3;8, G. C.M.I, thread No. 400. Use on Duraglas bottles 

above. - - ^" ' 

Crucible's, Coors,.high form, porccljjin. size 1 , capacity 3Q ml 
Crucible jcovcfs for above. Size G . ■ 
Desiccator, aluminum, with shelf 

Merthiolate, powder No. 20, (Thimerosal, N.l'.) - " \ 




Metal plate, 5.X 1 0 X I /8 J|Bches,*steel (to transfer cover glasses between 

iiqt-plates). * ^. . . " 

Micrometer, eye-piece, Whipple • /*» "fj^' ' 

Micrometer, stage (/Vmerican Optical) ** 
. Mounting medium, HYR AX ' ^ 

;Pipettes, disposable, Pasteur type, 5-3/4 inches • 

Sedgwick-Rafter CountiniTChamber, as prescribed by "Standard Methods for the 
examination of -Water and Wastes." " , ^ ' 

^^jisue grinder, glass, Duair, complete 
Vials, Opticlear, Owens-Illinois, 3^drams, snap caps, for diatom preparation. 

2.2 Macroinvertebrat^ ' 

Boa^, flat bottdm, 14-10 leet, Arkansas Traveler or Boston Whaler wilh winch 
artd d^ivit, suatch-block meter wheel, and tfailqr, 18 hp Outboard motor. Life 
jtxjiJ^pr, other accessories A ^ ^ 

OafiSf^irtcmng toolsJ ^ 

^JCable clamps, 1/8 inch ^ * 4 

Nicro-press sleeves, 1/8 inch • . ' . 

N icro-pr ess too 1; 1/8 inch . 
Wire cutter, Felco 

Wire thim})les,' 1/8 ^nch . . 

C^ble, l/S-. inch, galvanized steel , 
Large capacity, metal wash tubs -r ' 

. Co^e sampler, K. B., multiple, and gravity corers 

•Hardboard multiplate sa^mpler * . 
Trawl net ^ 

"Drift net, sueam « ^ 

Grabs 5^* - . • 

Ponar * , ^, 

Ekma^, 6X6 inch ^ ^ - . \ 
Petersen, 100 square inch ': 
^%;ights for Petersen 



Source 



4^- 



/ 



(29) 



(2,4) 
(1) 



(J6) 
(]6) 
(3)' 
(23) i 

(30) 
(12) 
(21) 



(17) 
(20) 



. (30) 

(3oy 

(30) 
(30). 

(30) 
(30) 
(30) 
(30) 



EKLC 



Cat. No. 


Unit 


Approx. 
Lost {{y / j) 


Model 756 




100.00 
180.00 


7750-MlO 




' 230.00 - , 
' '350.00^^ 
320.00 . 

^ 330.00 


V 


1 doz. 
1 doz. 


^ 7.00 ' 
wn 4.00 


clear glass 
amber glass 


'/2 gross' 
Vi gross 


* 8^.00 
^ , 15.00 


3319-655- 
3319-D47 
3747-ClO 


'/i gross 
Case (36) 
Case (72) 

ounce 
1 ounce 
1 pound 


. .. 25.00 

^ 2o.oai^ 

22.00 
, 2.00 
7.00 

. 1 95.00 ' ^ ' 


^ 400 
>5205-2^ 


1 ounce 

21/2 gross 


i8:oo 
32:00 
10.00 
' 8.00* ^ 


1801 
size C 
SK-3 ^ 


Gross' 


9.00 - - 
10.00 

• ll'OO* 


. "a 

' , . '* 


i 


s 






3i00t).00 \ 


7 . 

"i 

15 ' 


25. V' 
1000.1^ 

1 ' 

: i- 

'^i • 


3.00 

6.00 ^ 
32.0 b • 
7.00 
2.00 
89.00 ' 
.3.00 
^ 225.00 
7.50 
100.00 
7^.00 ' 


1725 
vl96B 
f750 


1 

. 1 

1 " ' 

1 pair 


200.00 . 
78.tf0 ~ 
200.00 









Item 

Basket. Bar-B-Q.(R6-75)Tumbkr ^ 

Sieve, US standard No. 30 (0.59^^11 openiiig) and others as needed 

^'Flow meter. TSK. (propeller t|^) 
Flow meter, electro mag net ic^wo -axis 
Mounting media, CMC-9y^F \ . 

JMounting 'media. CMC-S • , - 

Low-temp baVi ^ . ^ 

Water pump, epo^y-encapsukited . submersible and op^nair. 
Sounding equipment and specialized gear ^ ^* 

Latge. constant temperature holding tanks with 1/3 hp waltr chiller, charcoal 

VPolyeth^Icne bottles, dark bottles, tubing ^ . » „ 

X'ahn eleetrobajance ! , 

Poreelain balls for baskets (2-inch diameter/ , . ^fe ' 

Porcelain inultiplate.s ' , ., . * ^ i x> ' " - 

Counter, deferential. 9 unit. Clay-Adams • ^ 
Counter, hand . taliy . . ^^.^ 

, ?*lagmfier, Pazor, 2X. floating, with illuminator and bas'e, ^ * 

Microscope, compound, trinoeular. equipped t,or bright-fiel^ a4il pjia^ microscopy 
with 1 OX and 1 5-X Wide-field oculars. 4,0 X. lOX. 20X. li)QX bright- 

V field objectives, and 4 5X and 10 OX phase objectives. ' / 

Stereoscopic dissecting Microscope > 

' Tesso'var photo macrographic Zoom System ^ , , * ^ 

" Camera body. 35 mm Zeiss Gontarex. for Tessovar " 
Stirrer, magnetic * ' ^ ^ 

Aquaria (of various sizes) ' . 

Aquatic dip nets - " ^J^. , ■ 

Microscope SUde^i arid Cover slips, Sta ndarti" square. 15 mm. ,^ « ^ • 

Vials, specimen, glass,; I dram, 15 mm X 45 mm . 
■ t^lri dij;h, ruled grid, 150 mm X 15 mm ^ " 

Freeze dryer with freezing shelf ♦ ' • 

YgQuum oven 



Source 


C^t.No. 


Unit 


Approx. 

Qost (1973) 


(22) 


M ' 


12 


25.00 


(26) 


V 73250 L 


1 each 


10.00 


(10) 


313 T.^ 




20J)'.9d 


(15) 






2,600.00 


t6) . 




4 ounce 


2.00 


(6) 




4 ounce 


2:00 


(31) 


/ 94370 . 


1 


500.00 


(14) 


^lA-MD 


2 


50.00 


(7,9,11) 








(5).. 


MT-700 ^ 




54Q.O0 


(18) 




1 ,000,00 


(27) 


DTL 


1 




J linlapped 


1 p6und 


^ 0.30 


^"^^^^ 


\l ' r ■ 


' \^ ' 


/: 7.50 




'^412(3-4 . 


.1 / 


i 105.00 
' 1 1 .00 


- \\(i4)^. 


3297-HlO 


'o' 2 


/6) ' 


A95 


1 


50.00 








2.000.00 


^ 432) 




L 


1,000.00 




49-65-01 


1 


1,779.00 


(32) 


. 10-2611 


1 


600.00 


(6) 


375AA4514 


1 


42.50 


(6) 








. (6) 








(6) . 


320AaO 


10 gross 


:3100< 




320A2ip. , 


'1 ounc(S' 


. ; 3.50^ 


(6) \ 


315A57 


10 gioss 


78.00 


(2)' 


315AA4094 


12. 


- ;?M)0' 


(28) 


10-800 


' 1 


. "4,00£).00 


(19) 


583r 


1 


300.00 



Sources of equipment and supplies for plankton, periphyton, and macroinv^tebrates 



1. Coleman Instruments 
'42 Madison St. 

Maywood.lL 60153 

2. Corniiig Glass Work& 
'1470 Merchandise Mart 

Chicago, JL 60654 . . 

X Custom Research and Development Company, Inc. 
Mt. Vernon Rd., Route 1 , Box 1586 
Auburn, CA 95603 

4. .Ferro Corporation ^ 

P.O. Box 20 

EastLiverpool, OH 43920 

5. Frigid Units^ Inc. " \ • 
3214 Sylvania Ave. 

Toledo, OH. 436 13 ^ 

6. General Biological Inc. 
8200 S. Hoyy' Ave. 
Chicaprlir60620 

•7. -G-M Manufacturing & instrument Company 
, 2417Thirdiive. , " 

NewYotk\NY 10451 _ ' 

8. Hed\\^ Corporation , 
1209 E. Lincolnw^y 
Laporte. IN 46350 

9, Hydro Pmducl^, ' 

1 1777 Sorrento VhUey Rd. ' ^ ^ 
San Diego, CA -iQil'il 

10. Inter Ocean, Inc. ' „ ^ 

3446 Kurtz St. * ' . .■ 

San Diego, CA 92110 

• ' ' ' t ' * 

'i^. KaHl Scie(\t if ic Instruments ; 

•"^ P. <y. Box 1 166 

Eieajoi>,CA 9:2022 ' 
i> ■ ' ' 

12»4Kontes Glass Company ^ 

' - ••ViTietind, NJ 08360 ^ 

13. £li Lilly Company* 

^07 6. McCaity St. *^ 
Indianapolis, IN 46206 > . " 



14. 



March Maiiufacturing Company 
Gl&nview. lL 60025 



15. Marsh-McBirney, Iric 
2281 Lewis Ave. 
Rockville. MD*20851 

16. Matheson Scientific ' » 
' 1850Gieenleaf A^. 

Elk Grove Village, IL 60007 




17. MonArk Boat Company 
Mpnticellp, AK 71655 

18. Nalge Corporation 
Rochester, NY 14602 

19. Nationa^Appliance Com, 
P.O. Box 23008 

. Portland, OR 97223 ' 

20. National Telephone Supply Company 
3100 Superior Sl^^ 
ClevelancFjaOH 7ffll4 ' 

21. Owens-iilinois 

. P.O. Box 1035 
. . .T61edo, OH 43666 ' 

22. Paramont Wire, Inc. 

J 035 Westminster Ave. 
Alhambra, CA 91803 

23. Scientific Products 
K 1210 Leon Place 

Evanston,^L 60201 

24. Arthur H. Thomas Company 
VineSUeet at Third 

P.O. Box 779 , 
Philadelilhia, PA 19105' 

25. G. K. Turner, Assoc. 

. 2524 Pulgas Ave. ) 
Palo^lto,CA 94303 

26. W.S.Tyler Company 
^■v Mentor, OH 44060 

27. Ventron Instrument Corporation 
.7500 Jefferson St. 
Paramont, CA 90723 

28. Virtis Company 
Gardina, NY 12525 

29. WestcffHfWttJftnents, Inc. » • 
614 Frelinghuysen Ave. 
Newark, NJ 07114 ^ 

Wildlife Supply Company 
301 Cass St. 
Saginaw ifcMl 48602 

31/ Wilkens-Anderson Cpmpanj'^ 
4525 W. Division St."^ 
Chicago, IL 6065r« 

32. Carl Zeiss, hic. * „ ^ * 

444 Fifth Ave.-. 
New York,^Y 10018 ' 



2.3 Fish , . 

Sources of information .on fishery sampling equipment, .. ^ 

American Association fpr the Advancement of Science. Annual guide to scientific instrumehts (Published in Science): 
American Society of Limnology and*Oceanography, 1964. Sources of limnological arvd oceanographic apparatus and suppUqs, Special 
PubKNo.l.l^U^^i^^ 

Oceanology Int'oSauonal Ycarbpok/Directory. ^ ' • . 

Sinha, E. Z., and C. L. Kuehhe. 1963. Bibliography on oceanographic insUuments. I. General. H. Waves, currents, and other 
geophysical parameters. Meteorol. Geoasirophys. Abst. Amer. Meterol. Soc. 14:1242-1298; 1589-1637. . 

US Fish and Wildlife ^rvice. 1959. Partial list of maoufacturers of fishing gear and accessories and vessel ec^pment.i^ishery Leaflet 
.195.27 pp. ■ > • ^ " ■ ; 

Water Pollution Control Federation Yearbook. * . 
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Units of Weight ^kd Measure ; 

1 ■ International (Metric). and U.S. Customary , o 

The primary purpose of this publication Ls tcO make available thd most ofteif^V" . , 
needed weights and measures conversion tabfes— conversions between the U. , \ . ' 
Customary System and Internat^ional (Metric) System. A secondary purpose is' . 
to present a brief historical outline of the International (Metric) System-;- ^ • 
following it from its country of origin, France, through its progress th the ^ 
Cnited States. , ^ 

Key Words: Conversion ' tables, Int^rn^^riM System (SI), Metric System, 
^ U. S. Customary^gystern, .S^Bms and 'mewures, weights and 

me£wu|;es:abbfeviatw systems, weights 

and meaaures Oniits*^'- 



Introducti 




Two system^ of weights and measures exist side by .side in the United States today, 
^with roughly equal but separate legislative sanction: the U. S. Customary System and the 
'international (Metric) System. Throughout U. S. history, the Customary Sys^m' (inherited 
^ frbm, but now different from, the British Imperial System) has been, as its name ™pli^»^'S 
customarily used; a plethora of Federal and State legislation h^-s giv^i^y^tKrough impli(|f-* 
ticm, standing as our primary weights and measures system. *Howev6l^; -the Metric System 
(incorporated in the scientists' new SI cir Syst^me International d'Unites) is the only sys- 
tem- that has ever received specific legislative sanction by Congress. The ''Law of 1866" 



i 

reads:. * 



It shall be lawful throughout the United States of America to employ the 
weights and measures of the metric system; and no contract or dealing,^r pleading 
V 'in any court, shall be deemed invalid or liable to ob'iection because ^e weights^r 
measures expressed or referred to therein are weights or measures thft metric 
system^*. . " . ' ^ 

Over the* last lQ(y:years, the Metric System hasten sloW, steely increasing use in 
the Uriited States and, today, is of importance nearly equal to the^^tomary System. 



The International System * 



For uj>-to-date information on the international metric sy^em„w, 
* see current edition of The International System of Units ^r), 
Editors: Chester Page ^and Paul Vigoureilx (NBS Special Publication 
330^. For ^ale by , Superintendent of Documents, ^U.S. Government 
Printing Office,' Washington, D.C. 20402. Price^JO cents; For _ 
' NBS policy on the usaige of SI, see NBS Technical. News Bulletin 
Vol. 55 ^No. 1, pp. 18-20, January 1971. ' ' . 



t Act of 28 July 1866 (14 Sut. 339)— An Act to authoriie the uie ofHhe Metric Sy«^m of WeighU and kt. 



six untl^have been adopted to s 



serve as the bas6 for the International System: ^ 

-^.meter ' - - 
--.kilogram . 
.secon^ ; ^ 



" e ^ . " >]Length:..\,. 

> • . 'Time- i.:Jt!r.:.....J.. J 

\, ■ Electric current?*. 
•\. \t ^ Thern^i^5^iiamic tert|)erature__ _ _ 
1^^^ ; -Light in tensity --v ------ 

"Sjbme of tihe other more frequ^nlfy used units of the SI and their symbols' andj where 
* applicable, their derivations are listed below. 



-ampere 

-'kelvin 

. - ^ . ^:candel&. 



1 



SUPPLEMENTARY JUNITS 







—51 




Quantity r 


Unit 


Symbat 


fWirivaii6n : 

r 


Plane angle - . . * , 


radian ' , 


rad 




Soiijarangie ^ \ • 


steradian 


sr 













DERIVED UNITS 



-Area 

^ Volunie * ^ 

Frequency 
Density 

Velocity ^ 
Angular velocity 
Acceleration . . 
Angular acceleration 
Force 

Pressure^ " * , 

Kineni^tic viscosity \ 

Dynamic viscosity 

Work, energy, quantity of heat 

Power ^- 

Electric ch^ge 

Voltage, potential; difference, 
" ei ectrom^ tiVe tdrc^^ * * 
Electric field strength / ' 
Electric resistance 
Electric capacitance - " 
Magnetic flux ^ 
Inductance 

Magnetic flux density ^ 

-.T Q ^ o- — 

Magnetomotive iorce 
Flux of light i] 
Luminance 
Illumination 



square meter 
cubic meter 
hertz 

kilogram per cubic meter 

meter per second 

radian ptet second 

meter per second squared 

radian per second squared ^ 

newtojn ' 

■- ■ * *4 
newton per square nieter 

square meter .per second * ^ 

newton-second per so" '^re meter 

joule 

watt , 
cotilomb 

volt ; , 



volt per meter 
ohm 

farad ^ r 

weber 

henry 

tesja 

"'"hj""- f 

ampere 
lumen 

candela per square meter 
lux 



m* 
m' 

Hz , 
kg/m' 

m/s 

m/s' 

rad/s* 

N 

.N/m* 
m'/s 
N-s/m* 
J 

W 

C 

Y' 

V/m , 
F 

Wb 

H ^ 
T 

A/m 
A 

Im •.. 

cd/m^ 

Ix 



(s-') 



(kg m/s') 



(N-m) 
(J/s) 
,(A-s) 
(W/A) 



(V/A) 

<A-s/V) 

(V-s) 

:(V-s/A) 

tWb/m') 



(cd-sr) 
(lm/m») 



* Recent :(1971-j--;addition of the mole as the unit for-.ampunt of 
•substance brings the total to se'^eji units. See asteris'ked foot- 
note on' page 1.:.- ' 
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Definitions 



In its original conception,- the, me|?r Vas the fundamental unit of {he Metric System, 
and all units of length and capacity were t\he derived directly from the meter which was- 
intended to be equal'to one ten-millionth''|)f the earth's quadrant. ^FurtheFmpre, it was 
. originally planned tliat th^tinit of^mass, thef kilogram, should be identical with the mass of 
a cubic decihieter of w^r'at its rnaximum del>sity. ^he units of Jepgth and ma3s are now . 
defined jndepcindently of these conceptions. , • ' .. . V ^ 

In October 1960 the Eleventh 'G^ineral (International) Conferehc^e on ;W<j^'ts ^%nd 
Measures redefined the meter as equalto.l 650 763.73 wavplengths of the orange-red radia- ^ 
. tion. in vacuum .of krypton 86 corre.^ponding to the unperturbed^ tcansition between^the . 
2pio and 5rfi Jevels. " ; . " ^) ^ ' T' ' 

-The kilogram is independently defined as the miss of a particular platinum-iridium 
"standard, the International Prototype' Kilogram, whiCh is kept at the International BureSjU 
o{ W.eights ^nd Measures in S^Vres, France. - . * - 

The liter has been defineH,, since October 1964, as .being equal to a^cubic decimeter. 
The nteler is thus a unit oh whiclys based all j^etric standards and'measurements of length, ■ 
area, and volume.. . i , ^ . . _ ' ' * ^ 



.Definitions of Units 
Length 



■1 " I.pndth' .1 " 




X ^neier is a unit of length eqwj-to f 650 763.73 wavelengths^^ a vaciium of the oran^e- 
fd radiation of krypton S6. *' ■* 

A T/ard is a unit of length equal to 0.914 4 meter. ' ^. ^ 



A HZogram is^ unit of r^ss equal to the^ 

An avoirdupois pound is a unit of mass equal to 0.453 592 37 kilogram^/ q- 

, Capacity^ or Volume - 

r ■ ■ 

_ A cu6tc.me/er is a unit of volume equal to a cube the edges of .which are 1 ^ ^ 
A liter is a unit 6i voliime equal to^a cubic 'decimeter. i 
A cul^d yard is a unit of volume equal to a/pube the edges of , which are l»;yard.' 
A gallon \i a unit of .vohime equal to^^l cubic* inches. It is used for measuring liq.ui(is 
only.. ^ ' ' " • J , . •- , /. 

•'A hushelA^ tx unit of vo^ume.equal to ^2 150 42 cubic inches. It is used for measuring (Jiy 
commodities' only. j ^ » ^ 




vA s«?wJH|^is a unit of area equaLto tlm area of a. square. the. sides of wh^ch dre^I? 
■"""meter. V^^.'"* ' . ^/ ' , ^/ 

S ^qixapyard is a unit of area equal to the area of a square, the side^ of^which-are 1 yard. 



Spelling apd Symbols for Units 



♦ The spelling oT the names^ ol^'units as^adopted by the National Btilreau of Standai;ds. 
is that given jni'the list bel6,w. The spelling of the metric .units is; in 'accordance with thatl 
giveii ji^ the la>V'of July 1866, le^jSliring the Metricf System in the United States. 

. Following the name^of each unit in^the list^Tbelow is given J^heVmbol thalt the Bureau 
has i?dbpte,dV Attention I's.particulaH to the foll(5Vving principles: / . , # 

• ft - 1 ^ period^s used with'symbols for unites. Whenever '4n^^ for inch mteht bevconfused 
^^rith'the preposition *'*ih^^^^^^ : . . \^ - - ^ ■ , ' 

;.^52. The exponents "^''^ and /l^''' are iisetf to' signify ''sqyare': and ''cubic/' respectively, 
instead pf thev:fiymbpls"'^0q'^;or .^ci^;^ technical " 

-literature for the. tJ. S:. Custbn^ary .units. / r • '. - -^v ' ^ v - ' 

} ^...•The sft'iffe symbol is used for both'singuI^V and plural, • ^ 



Some fUnits and Thieir Symbols 



•Unl 



Symbol 



bpijirdfbot 
bushel . ♦ ♦ 

S ' ■ 

caraft. ^ - . 
.CeLsfiysjr degree <tj;^. 
cent are 

ceatlfitei^. 

centiriiefer 
■ chainV ^ 
cubic cjjntimeter 
cu bic^'d ecimptpVi*' ' ' 
N cubic del 



acre 

a . 

bb'l . 
-''fbrrt 
; bii 

C 

ca 



'.Unit 



S^mboh 




v^cubic hectorodter 
cubic inoh, ^ 
. cubic kflonieter ' ' 
k ciibic metei* ^ - ^ 
. , . ■ ' 

.pubLc mile !, ' 
^ cubic millimeter * 
; cubic yard y ; 
. ^d^cigram 
.decillt^ - 

. "'• -'^ • 

• decimeter 
dej^agram . ^ 

* delcftuter - 
dekameter"*. » 
dram, avoirdupois-' ' 



' dam^^ 

fa • f £^^' 
^ hm» 
.in». \ 
)cmV ■' 
■ m« 



mm* ^ 

'di > 

d^ ; 
dal'.^ 

> lavdp 



fathom " ' 
foot ^ . 

.furlong ' 
gaWoi^ ■ 

, grain.; 

gram . ' ' I' ■. "'^ 
hectace .* 
^.hectogram - 
hectoliter / 
'hectometer . ' . / ' 

hogahead . ■ ^ ' 
^ Hundred weij^Ht • 
'irrt^R -^^ -^ ; ; - 

Interjnajionak^- V 
JS^autifcaU'Mile 

.kiioeram': ''^i . 
kiloliter 'a 
^ilom^'ter - ' ^ . ; 

liiquid ' 
liter ^ " 
meter , j' 

micro^cam 
'micTomch '. *. - ' 

microliter 



milligram, 
jnillili^rv 



' fath , 

. {t V 

furiong 

. . gal:> - 
grain 

...ha^ 
, hg ■ ■ • 

■ ; hi - • / ■ 

;-.'hi]pi' . ■ 
, •Jihd ; 
ir}\^- 

I ■ link « 

1 

U **.'-, ' ■ ■ ^ 

f. liter • i 
.» m 

' fi% : 

Min _ 

• • ^ ^j-l 
-■^ml'-. 



Unit 



Synibol . 



millimeter , . ^ 
minim " . ? . 

ounces •j'^ 
oi^ce, avoirdtfpoiif* ' 
ounce,*iiquid .. 



ounce, troyi 
peck ^ * . 
pennyweight ' 
. pint, liquid" " -* \ 
pound 

pound, avoirdupoia 
^(pound,- troy ' < 
quart, liquid 

ieecond*"^ . 

square centimeter' 
i8quare'decimAer 

square dekaineter .^ 
. square foot 

aquar^ hfectmneter 



square inch ;■ ^ 
J. .square kilometer * 
n squfire met^r 
square mile' 
squrffre millimeter *. 

aquar(?yard . ^ 
sfrere ' ' . ■ . ■ 
"^torv^ lortg ^ 
:;troh,' metric 
ton, short 
yard ' 



him , 
minim ' , 

02 

,02 avdp. 
liq 02 ' 

o^ tr ; i^v;. 
' peck ' 
dwt 

lb . . 

lb avdp 

ib'tr : 

liq qt, 
CSrod • ' . 

^ ; \ 

cm* • 
I dm' 
"daW * 

V. '..ft' . . 

:5..hm»-;; ^.^ ; 

- knt*^ ' 

/ ydK • 
stere* . - 
long tpn 

- , .• ' J 
^hort toii^ 

* .yd - 



i 

Units of Measuremerit— Conversion Factors*^ 
Units of'Len(lth 





To Qunvcrt frwrn 




Cpntlmetera 


To 




Inches i 


Foot ( 


Yarda 




Metere. . 





Multiply by 



To 



T'^ Convert from 
r Metjprf 



\ Multiply by 



Inches.^ 39.370 OS 

Keet .J. 3.280 840 

Yimin iT.-- 1,093 613 

Miles:---.- 0,000 621 37 

MillirneterH 1 000 

Centimeterj 100 

lulometers 0.001 



To Convert from 
^ Inches 

To ' Multiply by 

Feet-. i 0.083 333 33 

Yarda.: 0.027 7/7 78 

Centimetera 11. 1 2.54 

Metere.l ^ 0.025 4 



To Convert from 
Feet 



To 



Multiply by 



Inchea 12 

Yarda 0.333 333 3 

Milea 0.000 189 39 

Centimetera 30,48 

Meters 0,304 8 

Kilometers 0.000 304 8 



• All boldface figparea are e?{act; the others generally are given to seven significant figures. ' 

In using conversiihi factors, it is possible to perform division as well as the multiplication process shown 
here. Division may be particularly advantageous where more than the significant figures published here are 
required. Divisio'n mny be performed in lieu of multiplication by using the reciprocal of any indicated mul- 
tiplier aAiivisor. For example, to convert from centimeters to inches by division, refer to the table headed 
"To Corwert from Inches'* and use the factor listed at "centimeters" (£.54) as divisor. 





To Convert from 






Yards 




To 




Multiply by 




r 


.36/ 






3 






0.000 568 18 


Centimeters. 




91.44 


Meters . 




0.914 4 




¥ 







To Convert from 




Miles 


To 


Multiply by 




63 360 


Feet__ 


5 280 


Yards 


1 760 


Centimeters . 


160 934.4 




1 609.344 




'. 1.609 344 

^ . 



I- 

Units of Mass 



To Coftveft from f 
Grams 

To ' Multiply by ^ 

Grttinfl 15.432 30 \ 

AyoirdupoU Drama 0.564 383 4 / 

Avoirdupois Ouncea...- 0.035 273 90 

^Troy Ounces 0.032 1 50 75 

Troy« Pounds : . . . / 0.002. 679, 23 

Avoirdupois Pounds 0.002 204 62 

Milligrams 1 OOO 

Kilograms. 0.001 



To Convert from 
Metric Tons 

To 'Multiply by 

Avoirdupois Pounds 2 204.623 

Short Hundredweights 22.046 23 

Short Tons.-. 1 1.102 311'3 

Long Tons _. 0.984 206 5 

Kilograms 1 000 



To Convert from ' ^ 
Grains ^ 
To Multlprty by 

Avoirdupois Drams 0.036 571 43 

Avoirdupois Ounces 0.002 285 71 

Troy Ounces 0.002 083 33 

Troy Pounds 0.000 173 61 

Avoirdupois Pounds 0.000 142 86 

Milligrams 64.798*91 

Grams _ 0.064 798 91 

Kilograms.-.*.. 0.000 064 798 91 

^ * — 

^ i 

To Convert from 
Avoirdupois Pounds 

To ^ Multiply by 

7 

Grains 7 000 

Avoirdupois Drams 256 ■ , 

Avoirdupojf* OuncesI 16 

Troy Ounces 14.583 33 

Troy Pounds 1.215 278 

Grams _ 453:592 37 

KiloKrttp.s , 0.453 592 37 

Short Hundredweights., 0.01 

Short Tons 0.000 5 

Long Tons. _ 0.000 446 428 6 

Metric Ton?. 0.000 453 592 37 



To Convert from 
Kllqdrams 

To Multiply by^^ 

Grains-.'.^--* « 16 432.36 

Avoirdupois Drams.,..;.... 564.383 4 

Avoirdupois Ounces.... 35.273 96 

Troy Ounces.: 32.160 75 

Troy Pounds 2.679 229 

Avoirdupois Pounds 2.204 623 

Grams 1 000 ^ 

Short Hundredweights.... __ 0.022 046 23 

Short Tons 0.001 102 31 

Long Tons 0.000 984 2 

Metric Tons 0.001 



To Convert froih 
Avoirdupois Ounces 

To . Multiply by 




- 437.5 ^ 


Avoirdupois Drams 


16 


Troy Ounces 


0.911 459^ 


Troy Pounds 


0.075''5p4 86 


Avoirdupois Pounds 


0.062 5 




28.349 523 125 


Kilograms 


0.028 349 523 125 



To 



To Convert from" ^ 
Short Hundredweights 

Multiply by 



Avoirdupois Pounds 




100 


Short T;9n8 - 




0.05 


Long Tons 




0.044 642 86 


Kilograms 




45.359 237 


Metric Tons... 




0.045 359 237 




I 



t 

To Convert from 


Short Tons 




To ^ H 

A- 


Multiply by 


Avoirdupois Poun'da 


2 000 


Short Hundrcdweighta 


30 




0.892 857 1 




907.184 74 


Metric Tons 


0.907 184 74 



To Convert from 




^ ' Troy OuWces 




To 


Multiply by 


Grains _ 480 


Avoirdupois Drams 


17.554 29 


Avoirdupois Ounces - 


1.097 143 


Troy Pounds..'. 


0.083 333 3 


Avoirdupois Pounds.,- 


0.068 571 43 




31.103 476 8 



To^ Convert from 
^\ LonftTont 

To Multiply by 

r ' ■ 

Avoirdupois Ouncee 35 840 

Avoirdupois Pounds 3 3«0 

Short Hundredweights.. ^ m,4 " 

Short Tons. 1,12 

Kilograms 1 016.046 908 8 

Metric Tons.. ...-.L 1.016 046 908 8 



To Convert from 
Troy Pounds 



To 



Multiply by 



Grains-^— -1^ _ 5 760 

Avoirdupois Drams 210.651 4 

Avoihlupois Ounces 13.165 71 

Troy Ounces : i 12 

Avoirdupois Pounds 0.822 857 

Grams 373.241 721 



Units of Capacity^ or VoIu^ley LiquidfMeasure 

■ 



To Convert from 
Milliliters 

To 3j 

f 


Multiply by 


Minims . . .(. _ J"^. 

Gills 

Liquid Pints 

Gallons.: .3. 

Cubic Inches... V. . - 


16.230 73 
0.033 814 02 
0.008 453 5 
0.002 113 4 

0 00l >b56 7^ 
0,000 264 17 
0.061 023 74 
0.001 




I^i^ers...-. 




To Convert from 
Cubic Meters 



To 



Mil 



ltip|yj>y 



Gallons 

Cubic Inches. 
Cubic Feet... 

Liters 

Cubic Yards. 



264.172 05 
02i^4 

35.314 67 
000 

1.307 950 6 




To Convert from 
Liters 



MuU'ply by 



Liquid Ounces 33.814^2 

Gills 8.453 506 

Li^tuid Pints ; 2.113 876 

Liquid Quarts 1.056 688 

Gallons 0.264 172 05. 

Cubic Inches A 61.023 74 

Cubic Feet 0.035 314 67 

Millilitere. 1 000 

Cubic Meters _ 0^001 

Cubic Yards. 0.001 307 95 





To 


To Convert from 
N^flnims 


Multiply by 


Liquid Ounces 
Gills 




0.002 083 33 
0.000 520 83 


Cubic Inches 




0.003. 759 77 






0.061 611 52 







130 



To Convert from 

V -Gllfs 

To > Multiply by 

Minima j 1 920 

Liquid Ounces 4 

Liquid Pints 0.25 

Liquid Quarto. 0.125 

Gallons 0.031 25 

Cubie/lnehes 7.218 75 

Cubic Keet J__ 0.004 177 517\,, 

MiliiliterH 118.294 118.25 

Litenj- - a:ifl8 294 uj^ i5 





^ 

To Convert from 




Liquid Ounces 


To 


' Multiply by 


Minims 


480 


Gilia 


0.25 


Liquid Pinte 


0.062 5 


Liquid Quarts- 


$..:.... 0.031 25 


Gallons 


0.007 812 5 


Cubic Inches 


1.804 687 5 


Cubic Feet 


_1 0.001 044 38 


Milliliters 


.__ 29.573 53 ' 


Liters 


0.029 573 53 



To 



To Convert from 
Cubic Inches 

Multiply by 



Minims 265.974 0 

Liquid Ounces. .."S^... ^ 0.554 112 6 

^nis. 0.138 528 1 

Liquid Pinte 0.034 632.03 

Liquid Quarto 0.017 316 02 

GaUo'ns 0.004 329 0 



t Cubic Feet O.OOP 578] 

Milliliters 16.387 064- 

Liters » 0.016 387 064 

Cubic'Meters,.. O.OQO 016 387 064 

Cubic Yards,..,'. O.OOO 021 43 



To 



To Convert from 
Liquid Pints 



Multiply by 



— ) ^ 

Minims 7 680 

iquid Ounces. 

ills 

Liquid Quarts. . 
GaHons.. 



Cubic Inchwi; 
"XuBTc "Peet-., 

Milliliters 

Liters 



Z 



16 
4 . 
0.5 
0.125 



28.875 
0.016 710 07 
473.176 473 
0.473 176 473 



To Convert from 
Cubi^ Feet 

To ^ ' Multiply by ' * 

— ~' w — 

Liquid Ounces./. ^T'C'^ 957 ,506 5 

Gills I- ^39.376 6 

Liquid Pinte ^ 59.844 16 

Liquid Quarla. j 29,922 08 

Gallons . \^ 7.480 519' 

Cubic Inches 1 728 

Liters - 28^|>6 846 592 

Cubic Meters 0.028 316 846 592 

Cubic Yards 0,037 037 04 . 



■I 



To 



To Convert from 
Cubic Yards 

Multiply by 



Gallons 201.974 0 

Cublcr Inches 4^656 

Cubic Feet 27 

Liteift 764.^ 857 984 

C\i\:j\c Meters , 0.764 554 857 984 




To Convert fro;« 
Liqul^ Quails 




Multiply by 

_4 



Minima 15-360 

Liquid Ounces...- 32. 

Gillfl^ . 8 

Liquid Pinta 2 

Gallons '1, _ 0.25 



Cubic Inches. 
Cubic Feet... 

Milli liters 

Liters 



57.75 

0.033 420 14 
946.352 946 
0.946 352 946 



To 



toijo 



'onyert from 
allonn 

Multiply |3y 



Minima., _^ 61 440 



^Liquid Ounces. 
^ Gills 



Liquid Pints 

Licfiiid Quarts jv._. 
Cubic Inches, 



Cubic Feet 

^illilitera,-.! 

, Liters, 1\ 

Cubic Meters, 
Cub?c Yafds_, 



128 
32 

/4, 

231 ' ^ 

p.W3 680 6 
3 785.411 784 

3.785 411 '784 
0.003^785 411 784 

0,004^1 13 



To 



Units of Capacity, or VoluiA« Dry Measure 



To Convert from 
Liters 



Multiply by 



DryPinU .i,,,.,.. 1.816 166^ 

Dry Quarts 0.908 0te>98 

Pecks,, 1 0.113 51/4 

Busliels V*, .,../, 0.028 377 59 

Dekaliters __ 0.1* 





To Convert froni' . 


u 




Cubic Meters 




To . 


/ . 


Multiply by ^ 


Pecks , , , , _ 




113.510 4 


Bushels 




_ 28.377 59 





To 



To Convert from . . ** 

^^ultiply by 



Dry Pint^..... T^TTOree^ 

Dry Quarts. ^ .1 9.080 82978 

Pecks., . 1^135 104 

Bushels .\ 0.283^775 9 

Cubiclnche8,.,,\^-.,, ^ 610.237 4* 

Cubic Feet,.,. _..\^_.- 0.353 146^ 7 

Liters , ! \ _ - J * 10 



X3r 



^•To 



To Convert from 
Dry Pints \ 



.Multiply by 



Dry Quart*,^,^',. oX 

Pecks ..IT..,,.?^,..., 0.062 5 

Bushels.,.., r. \ 0.015^625 

Cubiclnches , 33.600 312 5 

Cubic Feet..,. .... 0.019 444 63 

Liters ... .... 0.550 610*^? 

Dekaljfers.^..... a055 06.1 05 



r - 



192 



To Convert from 
Dry Quarts 

To Multiply by 

Dry Pinta 2 

Pecka , 0.125 

Biwhels ^ * 0.031 25 

Cubic Inches 67.200 625 

Cubic Feet _/-\- 0 038 889 25 

Liters , _J IJOl 221^ 

Dekaliters , J, 0.110 122 1 



'VJ 



To Convert from 
Pecks 

To / Multiply by 

Dry Vinta _ 16 

Dry^Qimrts 1 8 

Bushels . . . . .T!*rTrr>^ ^0.25 . ' ' 

Cubic Inches. W7.605 

Cubic Feet 6.311 114 

Literal _ 8.809 707 5 

Dekalitera _ 0.880 97(i 75 

Cubic Meters _ _ 0.008 809 77 

Cubic Ynrdfl O.OU 522 74 



To Convert from 
Busl^iels 

To Multiply by 

Dry Pints _ 64 

DrvQusrta.. 32 

P«kfl 4 

Cubic Inches 2 150.42 

Cubic Feet 1.244 456 

I-titers - ^^.239 07 

Dekaliters. 3.523 907 

Cubic Meters c.^^^v^. 0.035 239 07 

Cubic Yards . . . . _ _ . ■ 0.046 090 96 



Tp Convert from 
*CublcFeet 

To V ' ^ Multiply by - 

Dry*^ Pints _ \M.42}5 09 

Dry Quarts 2Sr714 05 

Pecks 3.214 256 

Bu^els r 0.803 56^ 95 



V 

To Convert from 
Gtiblc Inches 
To ^ • Multiply by 

^ L—: '. 

Dry Pints 0.029 761- 6 

Dry Quarts 0,014 880 8 

Pedks 0.001 860 10 

BasheLs.... . : : 0.000 465 025 







Convert from 
Cubic Yards 




To 


i . 


Multiply by 


Pecks 




86.784 91 


Bushels » 


( 


_ 21.696 227 





Units 



To 



To Convert from 
Square Centimeters 



Multiply by 



Square. Inches 0.155 000 3 * 

Square Feet_..^a!<, 0,001 076 39 

Square Yarda^fT-.,. 0.000 119 599 

Square Metere-1 ; 0.000 i ^ 



of\r$ 



1 


To Convert from 




Hectar<t9 


To , 


Multiply by 




107 639.1 


Square Yards 


11 959.90 




2,471 054 


Square Milea . 


0.003 861 02 


Square Meten 


10 000 



To 



To Convert from 
Square Meters 



Multiply by 



"7^ 



Square Inches., 1 

Square Feet., 

Square Yards. 1 

Acres 

Square Centimeters 10 000 

Hectares ' 0.000 1 



550,003 
10763 91 
L195 990 
0.000 247 105 



T 



^ 

To Co;i vert from , 
Square Feet 
To Multiply by 

— ■ • 1 

Square Inches 144 

Square Yards 5 0.111 111; 1 

Acres ^. 0.000 022 957, 

Square Centimeters,. 929.030 4 ' 

Square Meters. 0.092 903 04 



To Convert from 
Sqtiare Inches 



To 



Multiply by 



Square Feet.?..,.,. 

Square Yaitls.. 

Square Oentimetcrs 

.k«SI[uare Meters 



0006 944 44 
0,000 771 605 
6.451 6 
0.000 645 16 





To 


Convert from . ^ 
Acrcgi * ^ 
31ultiply by 


Square Yards 

Square Miles 

Square Meters 


43 560 C 
4 840 ; 

0.001 562 5 
4 046.856 422 4 

0.404 685 642 24 




^} 






♦ 





To 



To Convert from 
Square "Yards 

Multiply by 



f^quare Jnchea. _ 
Square FeetC^. , . .1 . . 

Acres.. _ 

^(iuare Miles *_ , 1 

Square Centimeters. 

SquEtre Meteis . 

Hectares 



0.000 206 611 6 
kO.OOO 000 322 830 6 
1^1.273 6 ^ 
0.836 127 36 
0.000 083 612 736^ 



r— 




To Convert from ** 




SfquaVe Miles , 


To 


Multiply by 




27^878 400 


Square Yards. 


* • 3 097 600 


Acres..,.. .a. 


640 p 


Square peters 


2 589 988.110 336 




^ 258.998 811 033 6 



j ' Special Tables 

Length — Inches and Millimeters — Equivalents of Decimal and ^ 
Binai^ Fractions of an Inch in Millimeters ^ 



From 1/64 to I Inch 



• — 


8tha 


IGths 


32d8 


64thB 


MflU. 
meters 


Decimals 

of 
an inch 


Inch 






8thB 


16thB 


d2ds 


64tha 


Milli- , 
meters 


Decimals 

of 
an inch 






1 


/ 
1 
2 


1 
2 
^3 
4 


- 0.397 

- .794 

- l.ltfl 

- 1.588 


0.01562^ 
.03125 
.046875 
.0625 


/ ■ 








L> > 
* / 

9 


17 
18 


33 
34 

35 ' 
36 


-13.097 
-13.494 
-13.891 . 
-14.288 


(VsisSJI 

.53125 

.546876 

.5625 




r 

1 ^ 


2, 


3 
4 


5 
6 
. 7 


- 1.984 

- 2.381 

- 2.778 

- ^3.175 


.078125 
.093;C5 
.109376 
,1250 ] 








J5 


lo- 


19 
JO. 


37 
38 
39 
^40 


■^14:684 
-15.081 
-15.478 
-15.875 


.578125 
.59375 
.609375 
.625 










9 


- 3.572 


.140625 












41 


-16.272 
-16.669 
-17.066 
-17^4^2 


.640625 
■ .65625 
.671875 
.6875 






3 - 


5 
6. 


10 
11 
12 


« 3.969 
« 4.366. 
- 4.762/ 


/n54?5 
^ .171875 
.1875 


- 








ll 


21 
22 • 


42 
43 
44 


1 


2 


'4 ' 


7 

8' 


13 . 
14 


- 5.159 
» 5.556 

- 5.953 
i 6.350 


. .2031-25 
.21875 
.234375 
.2500 






3 


6 


12 


23 
24 


45 
46 
4>^ 
48 


-17.859 ■ 
-18.256 
-18.653 
-19.050 


.703125 
• .71875 
.734375 
.75 ■ 








r 

9 

id 


^ 17 
18 
19 
20 


- 6.747 

- 7.144 

- 7.541 

- 7.938 


.2656;2^ 
.28125 
.296875 
.3125 


- 


>. 






13 


25 
26 


49 
50 
51 
52 


=•19.447 
-19.844 ' 
,-20.241 
,^20.638 

-21.034 

— 91 4Q1 

— ^ 1 . to 1 

= 21.828 
^ -2^.225 


* 

.765625 
.78125 
.796875 
.8125 




3 


6 


it 
11 

12 


21 
22 
23 
24 


- 8.334 

— 8.731 
P 9.128 
^9.525 


.328125 
.34375 
.359375 
.3750 . 








7 


14 


27 
28 


53 
54 
55 
50 


.828125 

.859375 

.875 / 

/ 


2 


4 


7 

8 


13 
14 

15 
16 


25 
26 
27 
28 

29' 

31 
32 


- 9.922' 
-10.319 
-10.716 

-11.509 
-11^906 
-i^.303 
-12.700 


.390625 
^.40625 
.421875 
,4375 

.45^5 
..46875 
.484375 
.5 


1 


2 


) 

4 


"8 


16 


29 

^30 ^ 

31 


57 
58 
59 
^60 

61 . 
62 
63 
. 64 


-22.622 
-23.019 
-23.416 
-23.812 

-24.209 
24.606 
-25.003 
-25.400/ 


.890625 
.90625 
^921875 
^ .^375 

/ 

.'953125 
/. 96875 

.9^4375 
1.000 , 



/ 



Length— International Nautical Miles and Kilometers 

DmIc relation: International Nautical Mile - 1.852 kllometepr! 




*Int. nautical 
I ^miles 



Kil6moter8 



0 
1 

'2 

^ 3. 
*4 

5 
6 
7 
8 
9 

10 



5 

^ 6 
7 

fi 

20 
1 

2 
3 
4 



g 



30 

1 

2 
3 
4 

■ 5 
6 
7 
8 
9 

40^ 
^1 

2 

3 

4 

* 5 

! 

9 



1.852 
3.7Q4 
*5.55i5 
7,408 

9.260 
.11.112 

14.816 
16.668 

18.520 
'20,372 
22.22'4 
24.076 
25.928 



Int. nautical 
milea 



37.040 
33.892 
40.744 
42.596 
44.448 

46.300 
48.152 
50.004. 
51^856 
53.708 

55.560 
57.412 
59.264 
61.116 
62.968 

6^.820 
1)6.672 
68.524 
70.376 
72.228 

74.080 
75.932^ 
77.784 
79.636 
' 81.488' 

83.340 
85.192 
87.044 
88.896 
90.748 . 



50 
M 
2 
3 
4 

5 
6 
7 
8 




70 
1 

2 
3, 
4 

.5 
6 
7 

*8 
9 

80 
1 
2 
3 
4 

5 
6 
7 



90 
1 

2 
3 

, 4 



5 

^ 

•8 



Kilometers 




92.600 
94.452 
96.304 
' 98.156i 
100.008 

10U860 

103.712 

105.564 

107.416' 

109.268 

111.120 

112.972 

114.824. 

116.676 

118.528 

120.380 
122.232 
124.084 
125.936 
127.788 

129.640 
131.492 
133.344 
135.196 
137.048 

138.900 
140.752 
142.604 
144.456 
146. 30S . 

148.160 
150.012 
151.864 
153.^16 
155.568 

157.420 
159.272 
161.124 
ip2.976 
'164.828 

166.. Q80 
168.532 
170.384 
172.236 
174.088 

175.940 
177.792 
179. a« 
18\.496 
183^48 
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